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1. NARRATIVE PROJECT DESCRIPTION 
 
IP-1:  BEAN IMPROVEMENT FOR THE TROPICS 
 
 
Rationale & Changes 
 
Rationale:                     
 
The common bean is the world’s most important grain legume for direct human consumption. Its total 
production exceeds 12 million MT, of which 7 million MT are produced in tropical Latin America and 
Africa. Beans are the “poor man’s meat” and are particularly important in the diet of the underprivileged. 
Beans, like other legumes, supply proteins, carbohydrates, vitamins and minerals, and complement 
cereals, roots and tubers that compose the bulk of diets in most developing countries.  
 
Common bean is also one of the most diverse crops in terms of its cultivation methods and its uses.  It 
serves as mature grain, as immature seed, and as a vegetable (both leaves and pods). It is cultivated from 
sea level up to 3000 masl in monoculture, in association, or in rotations. The possibility of obtaining a 
harvest in as little as two months offers quick income, quick food supply, and also permits rotating with 
other crops or inter-planting among fruit trees or coffee before the primary crop produces income.  At the 
other extreme are the aggressive climbing beans that subsistence farmers maintain in the garden for food 
security and continual harvest over a six month period.  
 
Apart from subsistence cultivation, beans have become increasingly commercial over the past thirty years 
in national, regional and international markets.  In Central America beans are the #1 income generator 
among the traditional field crops.  In Africa farmers tap into regional bean markets in Nairobi, Kinshasa 
and Johannesburg. With the onset of globalization, the past decade has seen a growing international 
market that is now reported to reach 2.4 million MT. This heightens issues of equity for the small bean 
producers that have little other stable source of income, but some also see this as an opportunity. For 
example, bean represents 6% of external income for Ethiopia, and small farmers in Bolivia produce the 
large white and red mottled classes for export. Snap beans are a high value, labor intensive crop of small 
farmers in Kenya and the Andes. 
 
Our primary mission is to contribute to household and global food security by assuring an adequate supply 
of beans as a culturally acceptable and traditional staple; and to improve the income of small bean 
producers of Latin America and Africa, by making bean production more profitable. We also seek to 
improve human nutrition, both by maintaining the supply of beans, and by improvement of their 
nutritional value.   
 
Our outputs are designed to respond in particular to the needs of small, resource-poor bean farmers in 
Latin America and Africa.  Thus, we seek to create solutions to biotic and abiotic production limitations 
that require minimal inputs, and in the case of improved germplasm, with good market potential. Our 
research strategy focuses on the exploitation of the vast genetic resources of bean that exist as a complex 
array of major and minor gene pools, races and sister species. CIAT’s gene bank with 41,000 accessions 
of common bean and related species is our most unique resource, and has been the source of genes for 
disease and insect resistance, abiotic stress tolerance, nutritional quality and yield potential. Most traits are 
still selected by conventional means in field sites (in some cases backed up by greenhouse evaluations) 
where most important diseases, edaphic constraints and drought can be manipulated for purposes of 
selection. However, Marker Assisted Selection (MAS) is employed selectively but strategically, in most 
cases for disease resistance genes. CIAT pioneered participatory selection with farmers and this practice is 
being extended and systematized. While most outputs are seed based, others involve knowledge intensive 
  vii 
 
 
agronomic practices. Still others are knowledge based. Our research is strategic with elements of both 
basic and applied, as called for by the particular challenge.   
 
Changes:  
In Output 1 it appears to be feasible to add an output target of small seeded lines with multiple abiotic 
stress tolerance, based on recent data. Also, the predicted rate of increase of iron in improved beans has 
been moderated slightly, based on recent experience with genetic gain.  
 
CG System Priorities:  
CIAT’s bean project is housed principally under CG System Priority Area 2: Producing more and better 
food at lower cost through genetic improvements.  Efforts are dedicated to improving yields through 
control of diseases and pests, tolerance to abiotic stresses (drought and low soil fertility in particular), and 
expanding the adaptation range of climbing beans. The bean project also places heavy emphasis on 
improvement of nutritional quality, especially through increase in iron and zinc content in the grain.  
There is potential to contribute to Priority Area 3A: Increasing income from fruits and vegetables, through 
the improvement of snap beans for both Africa and Latin America. The bean team collaborates with 
marketing specialists to create varieties with better market potential, including international export 
markets (Priority Area 5B). Finally, strengthening national institutions (Priority Area 5A) continues to be 
an important output, both in Africa where novel institutional arrangements and relations have been 
productive to achieve wide impact, and in Latin America where staff reductions have weakened national 
programs. On both continents national programs seek support to incorporate modern selection techniques.  
 
Impact Pathways:  
Outputs 1 (Improved, small-seeded bean germplasm) and 2 (Improved, large-seeded bean germplasm) 
have similar beneficiaries, end users and uptake chains.  Both are targeted to small farmers and poor 
consumers in Africa and Latin America. Small seeded germplasm is often targeted to warmer climates or 
more difficult environments in Central America, Mexico, Venezuela, East Africa and Brazil. Large seeded 
germplasm is usually cultivated in more temperate climates in the Andean zone, the East African 
highlands and southern Africa, although in the African highlands small and large seeded types overlap, 
sometimes differentiated by soil fertility gradients within the farm, prevailing biotic constraints and 
household preferences. Improved germplasm is shared or developed jointly with NARS partners, who 
supply basic seed to a range of organizations interested in production of seed (local seed companies, 
NGO’s, CBO’s, women’s groups) who in turn distribute to farmers. Benefits accrue to farmers through 
stable food supply and improved income from sale of excess production. Urban consumers benefit of 
increased production through established but largely informal marketing structures. Assumptions for the 
successful delivery of these outputs include institutional and financial stability of partners, political 
stability, and institutional support. The role of CIAT is that of a primary research provider (of improved 
germplasm), at times a secondary research provider (backing up national bean improvement programs 
with technical expertise and training), and catalyzer (to promote downstream alliances in the uptake 
chain).  
 
Beneficiaries of Output 3 (Strategies developed for managing diseases and pests) are in some cases 
researchers (both inside and outside of CIAT), and in some cases are bean producers. For example, 
molecular markers benefit researchers directly, and farmers indirectly as subsequent beneficiaries. Uptake 
pathway for such methodologies is direct communication through workshops and courses, and indirectly 
through publications, leading to benefits of more efficient and effective bean research. This assumes that 
partners are in a position to implement such technologies. On the other hand, crop management practices 
are of direct benefit to farmers as users, potentially across all bean ecosystems. Uptake chain for 
agronomic practices are similar to those for seed based technologies; results are communicated to NARS 
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and other partners (NGO’s, CBO’s etc) who have successfully diffused practices to farmers, to the benefit 
of farmers who enjoy more stable productivity.  The role of CIAT is that of primary source of research.  
 
Output 4, (Approaches and methods developed and available for strengthening institutional, organizational 
and collaborative capacity of NARS and sub-regional networks in Africa and Latin America) seeks to 
benefit partners at multiple levels through facilitated interaction, including farmers who are at the end of 
the organizational chain. NGOs, government extension agencies, farmer organizations, local seed 
companies, and non-conventional seed actors such as women groups, people living with HIV/AIDS and 
tobacco companies all participate and benefit. The output will generate impact on target beneficiaries 
through their participation in development of innovations, knowledge and technologies in strategic 
alliances with multidisciplinary research teams and NGOs.  Scaling out of innovations and best practices 
to areas with similar environments will be done through strategic alliances of research and development 
actors.  The latter will use their network and other communications mechanism to adapt knowledge and 
results relevant to them. Scaling up regionally and internationally will be done through international 
NGOs, advocacy, and communication. The outcome is enhanced communication and complementarity of 
actors with resulting cost efficiencies, and in the case of technology diffusion, increased and diversified 
adoption. Another dimension of this output is support to NARS in development of projects, benefiting 
national program researchers and with the outcome of their integration into the research project mode. 
This assumes a degree of consistency in partner personnel, while CIAT’s role is that of facilitator.  
 
International Public Goods:  
The IPG of the bean project include:  
• Improved germplasm with biotic and abiotic stress tolerance, and/or enhanced nutritional value, 
drawing upon the genetic resources of CIAT’s extensive gene bank, pathogen isolate collections, 
and 30 years of experience in bean improvement. CIAT’s geographical position and access to 
varied altitudes and research sites facilitates study and selection of germplasm.  
• Improved practices for the management of pests and diseases, including monitoring of pathogen 
populations with modern molecular tools developed at CIAT.  
• Knowledge and tools that contribute to the development and implementation of the above IPG’s. 
For example, molecular markers for useful traits, developed with CIAT’s in-house resources of 
genetic maps and markers. Knowledge of the structure of genetic resources housed in the gene 
bank, and ways to exploit them. Participatory breeding methods with varying degrees of 
involvement of farmers, traders and other key actors.  
• Methods for networking, both formal among official sector researchers, and less formal among a 
broader range of partners, with special emphasis on research partnerships and on effective and 
sustainable seed systems reaching a large number of households.  
 
Partners:   
Most important partners and the respective person-years of professionals dedicated to bean research within 
the (several) outputs are: 
 
Output 1: NARS in Latin America, including those of Mexico (6), Guatemala (2.5), Honduras (2, 
including EAP-Zamorano), El Salvador (2), Cuba (2), Haiti (1), Brazil (4) participate in the AgroSalud 
project to improve nutritional quality and productivity of bean, while Venezuela (2) and Bolivia (2) are 
partners in a similar project funded by FONTAGRO. Nicaragua (4.5) is a partner in breeding for drought 
tolerance. NARS in East, Central and Southern Africa including those of Ethiopia (3), Rwanda (4), 
Malawi and DRCongo (4), participate in the improvement for low soil fertility, productivity and drought. 
The University of Hannover, Germany participates in a project for transformation methods of bean to 
improve drought tolerance (2), and in a second project, seeking to establish physiological mechanisms of 
aluminum tolerance (2), which also includes Malawi (2) and Rwanda (4). Catholic University of Leuven 
(3) is a partner to improve nitrogen fixation technology.  
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Output 2: NARS in Latin America, including those of Colombia (5 between university staff, an NGO and 
the NARI), Bolivia (4 between university staff and a foundation) and Haiti (1) collaborate in the 
improvement of disease resistance of Andean bean with better nutritional quality under the AgroSalud and 
FONTAGRO projects. NARS in East, Central and Southern Africa, including those of Kenya (5), Rwanda 
(6), and Uganda (5) Tanzania (4) are partners in the development of disease resistance, medium altitude 
climbing beans (MAC), productivity and improvement of nutritional qualities in large seeded Andean 
beans. 
Output 3: NARS in Honduras (Zamorano) (1), Colombia (2), Uganda (3), Rwanda (4), share in the use of 
markers for MAS, especially for resistance.  South Africa (3) participates in pathogen characterization, 
evaluation and validation of resistance sources.  Agriculture and Agri-Food Canada (AAFC) is a partner in 
diagnosis and characterization of soil borne pathogens (especially Pythium species) using molecular 
techniques, and development of molecular based diagnostic assays for soil borne pathogens. 
 
Output 4: NARS as above –plus a wide range of NGOS, CBOS, farmers’ groups, women’s groups, –
totaling over 300 direct-link partnerships, to make users aware of technologies and to get these 
technologies widely disseminated. 
 
The ECABREN and SABRN bean networks coordinate nine NARS in East Africa and ten NARS in 
southern Africa, respectively. These networks participate in Outputs 1, 2, 3 and 4 with input from African 
NARS cited above, plus NARS in Burundi (3), Sudan (2), Zambia (1), Zimbabwe (1), Mozambique (3), 
Lesotho (3) and Swaziland (3).  
 
HarvestPlus Challenge Program: IFPRI, CIMMYT, and CIP are immediate collaborators in the CP and the 
AgroSalud (Latin American) nutritional improvement project, working in the same agro-ecological zones, 
while ICRISAT, IITA, IRRI, and ICARDA are indirect collaborators under HarvestPlus. ECABREN and 
SABRN networks in Africa also participate in HarvestPlus.  
 
Generation Challenge Program: Partners include EMBRAPA-Brazil (2), INTA-Cuba (1), Pairumani (an 
NGO) in Bolivia (2), National University in Colombia (2).  
 
Sub-Saharan Africa Challenge Program: ICIPE, AHI and NARS in Rwanda, Uganda and D.R. Congo are 
immediate partners.  
 
Project Funding: 
 
Budgeting 2005-2009 
 
Year 2005 
(actual) 
2006 
(estimated) 
2007 
(proposal) 
2008 
(plan) 
2009 
(plan) 
US Dollars 
(millions) 
 
2.941 
 
3.965 
 
3.638 
 
3.510 
 
3.462 
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LOGFRAME  MATRIX:   IP-1-BEAN IMPROVEMENT FOR THE TROPICS (2007-2009) 
Targets Outputs Intended user Outcome Impact 
 
OUTPUT 1 
 
Improved, small-seeded, bean germplasm resistant to 
major biotic and abiotic stresses with greater 
nutritional and market value. 
 
NARS and farmers in 
Central America, the 
Caribbean, Brazil, East 
and Southern  Africa 
Adoption of improved 
varieties by farmers 
More stable production, 
food availability, better 
nutritional status and 
income 
 
 
Output Targets 
2007 
 
• 5-10 interspecific BC1-F3 progeny between 
common bean and P. coccineus that broaden the 
genetic base for tolerance to aluminum; 
resistance to ALS, root rots, anthracnose; and/or 
high mineral content.  
• 10 lines combining drought and low fertility 
tolerance confirmed, beating checks by 40% 
under each stress.  
• CIAT breeders 
• NARS breeders 
 
 
 
• Farmers in Latin 
America 
• Breeders incorporate 
broader diversity into 
populations  
 
• Farmers adopt drought 
tolerant lines in drought 
prone areas of Latin 
America 
• Improved productivity 
in marginal 
environments 
 
 
Output Targets 
2008 
 
 
 
 
• At least 40 lines combining drought tolerance 
with resistance to BCMNV, root rots, and/or 
ALS available for testing in Africa 
• ~30 small seeded F3-derived F5 families 
developed with tropical adaptation, 60% more 
minerals, abiotic tolerance, and 2 resistances 
(HarvestPlus) 
• NARS, NGO’s and 
CBO’s 
• Drought tolerant lines 
with critical resistance 
genes are used in drought 
prone areas in Africa 
• Yield stability  
 
 
Output Targets 
2009 
 
 
 
 
• 50 improved lines with varietal potential and 90-
100 ppm iron (ie, 80% more iron) 
• At least 10 genotypes combining drought 
tolerance with aluminium resistance available 
for testing in Africa 
• At least 3 snap bean lines with resistance to rust 
and quality characteristics preferred in regional 
and export markets.  
• NARS, NGO’s  
CBO’s, health 
workers  and 
consumers 
• NARS breeders, 
NGO’s  CBO’s and  
traders and farmers, 
in target countries 
• Adoption of micronutrient 
rich beans 
• Adoption of stress 
tolerant lines in marginal 
environments 
 
• Adoption of snap bean 
and reduced chemical use. 
• Improved household 
nutrition 
• Improved productivity 
in marginal soil 
environments 
• Improved incomes 
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OUTPUT 2 
 
Improved, large-seeded, bean germplasm 
resistant to major biotic and abiotic stresses with 
greater nutritional and market value. 
 
NARS and farmers in 
the Andean zone, the 
Caribbean, East and 
southern Africa 
Adoption of improved 
varieties by farmers 
More stable production, 
food availability and 
income 
 
Output 
Targets 2007 
• 15 new large-seeded bush lines with high 
mineral trait and resistance to 2 diseases, 
mainly in the red mottled and red seed 
classes (HarvestPlus). 
• NARS and NGO’s  
 
 
• High iron lines adopted 
 
 
• Reduced levels of 
iron and zinc 
deficiency  
 
 
 
Output 
Targets 2008 
• 15 new large seeded climbing beans with 
high mineral trait (HarvestPlus) 
• At least 10 lines in major market classes 
combining resistance to Pythium root rots, 
BCMV and angular leaf spot   
• NARS, NGO’s and 
farmers’ groups 
• Farmers incorporate 
high mineral and 
disease resistance lines 
into diverse production 
systems 
• Reduced levels of 
iron and zinc 
deficiency 
 
• Improved food 
security, & income. 
 
Output 
Targets 2009 
• Large seeded lines with 50% more iron 
enter formal varietal release process  
• More disease resistance genes for 
anthracnose or ALS introgressed into 
BCMNV resistant climbing beans 
• NARS breeders, 
NGO’s, CBOs, and 
farmer groups 
• Adoption of 
micronutrient rich 
beans 
• Reduced levels of 
iron and zinc 
deficiency 
 
 
OUTPUT 3 
 
 
Strategies developed for managing diseases and 
pests in bean-based cropping systems. 
Breeders, 
entomologists and 
pathologists in CIAT 
and NARS 
Best bet IDPM practices 
and genetic combinations 
for stable resistance 
deployed. 
More stable bean yields 
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Output 
Targets 2007 
 
• Method available to quantify 2 major soil 
borne pathogens (Pythium ultimum  and 
Fusarium solani), as a tool to assess disease 
management strategies, and to refine 
management of resistance breeding 
nurseries. 
• Molecular markers for Pythium root rot 
resistance used in MAS 
• Pathologists in 
CIAT and NARS 
• Breeders focus 
breeding on resistance 
to relevant pathotypes.  
• Breeders deploy 
markers in genetic 
improvement  
• Reduced yield losses 
from root rots 
 
 
Output 
Targets 2008 
 
 
• Molecular markers linked to ALS 
implemented in MAS 
• Molecular tools for detection, diagnosis and 
diversity studies of key ALS and 
anthracnose pathogens made available  
• CIAT and NARS 
breeders 
• NARIs researchers 
in LAC, Africa, 
IARCs 
• Breeders deploy 
markers and enjoy 
improved efficiency in 
genetic improvement  
• Disease and pest 
characterization tools 
adopted by researchers 
• More stable 
resistance in 
advanced lines leads 
to stable yield 
 
 
Output 
Targets 2009 
 
 
 
• Three sustainable crop management options 
enhancing micronutrient density in beans 
characterized 
• Multiple gene combinations to manage ALS 
developed through MAS 
• NARS soil 
scientists, 
pathologists, 
entomologists and  
food scientists 
• CIAT and NARS 
breeders 
• Increased utilization of 
integrated management 
approaches.   
• Breeders use lines with 
stable resistance in 
breeding programs  
• Improve production 
and nutritional value 
of bean 
• Reduced yield losses 
from ALS 
 
 
OUTPUT 4 
 
 
Approaches and methods developed and 
available for strengthening institutional, 
organizational and collaborative capacity of 
NARS and sub-regional networks in Africa and 
Latin America  
NARS in Africa and 
Latin America  
Improved institutional 
performance by NARS, 
NGOs and other partners, 
reflected in more effective 
technology development 
and dissemination 
More stable production, 
improved food 
availability,  income and 
nutrition, especially for 
the poor and women 
farmers 
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Output 
Targets 2007 
• Innovative approaches and tools developed 
and made widely available to partners in 
Kenya, Malawi, Uganda, and Tanzania for 
IPDM and marker-assisted selection of 
varieties. 
• Innovative approaches and tools for 
attaining wider impact developed and 
widely available to partners in DRCongo, 
Tanzania, Madagascar and Mozambique. 
• Methods and tools for participatory plant 
breeding developed and made available in 5 
SABRN countries 
• Breeding programs for biofortification 
firmly established in Honduras, Brazil, 
Bolivia, Guatemala, Venezuela, Kenya and 
Malawi.  
NARS, NGOs, CBOs 
and farmers. 
 
 
 
 
 NARS, NGOs, and 
farmers 
 
NARS, NGOs, and 
farmers 
 
• Increased use of 
IPDM strategies that 
enable R&D institutions 
to reach more farmers, 
and of marker-assisted 
methods that improve 
cost-effectiveness in 
breeding new varieties.  
• Partner 
organizations promote 
technologies and reach 
end users more 
effectively 
• Partners access 
tools and methods in 
multiple languages to 
empower themselves 
• National program 
breeders incorporate 
biofortification as 
primary goal 
Reduced effect of 
diseases and pests leading 
to increased and more 
stable bean production by 
farmers 
 
 
Increased production and 
incomes 
 
Increased production and 
incomes 
 
 
 
Output 
Targets 2008 
 
 
 
• An IPM system for whiteflies on snap beans 
refined and promoted in major bean 
producing areas of the Andean zone 
• Training of trainer cadre set up to serve 
PABRA countries to assure continuity in 
methodology innovation in region 
 
 
• NARS, NGO’s, 
CBO’s 
 
 
 
 
• Farmers reduce 
pesticide use, assuring 
production and 
profitability  
• NARS incorporate 
innovation methods  
leading to greater  
breeding impacts 
 
• Less pesticide 
intoxication in rural 
communities and 
urban consumers 
• Increased production 
and incomes. Needs 
of more diversified 
users met. 
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Output 
Targets 2009 
 
 
 
• Fast track micronutrient dense bean 
varieties disseminated and promoted in 
eastern and southern Africa 
• Methodologies for mainstreaming sustained 
wider impact developed and 
recommendations availed for East, Central 
and Southern Africa 
• An IPDM system for bean root rots 
implemented and promoted in major bean 
producing countries in Africa 
 
 
• NARS, NGOs, 
CBOs, farmer 
groups, seed 
certification 
agencies, seed 
producers 
• NARS, NGOs, and 
farmers 
• NARS, NGOs, and 
farmers 
 
 
 
 
• Increased use of iron 
and zinc rich beans 
• Increased partner 
involvement in 
accessing technologies 
to a greater number of 
end users 
• Farmers adopt IPDM 
practices, reducing 
losses from soil borne 
pathogens 
 
• Reduced incidence of 
iron and zinc 
deficiency in target 
communities and 
countries 
 
• Increased incomes 
and production, and 
stable production 
systems from 
increased soil 
microbial diversity 
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RESEARCH HIGHLIGHTS IN 2007 
Output 1:  Improved, small-seeded, bean germplasm resistant to major biotic and abiotic   
    stresses with greater nutritional and market value    
 
Activity 1.1  Developing germplasm tolerant to abiotic stresses of drought and low soil fertility 
 
Highlights: 
 
• Crosses among drought resistant Mesoamerican lines produced families with 25% better yield 
under intermittent drought than the resistant check, SER 16, and as high as 2811 kg ha-1.  
• Four small seeded lines (SEA 23, RAB 608, SEA 16 and RAB 618) show consistently better 
yield than local checks under drought stress and non-stress conditions over three seasons. 
• Nine new drought tolerant lines show 18-67% yield advantage in stress conditions compared with 
drought susceptible check GLP 585 and drought tolerant check, GLP x 92 in trials conducted for 
three years.  
• Field evaluation of elite lines at Palmira resulted in identification of three lines (SXB 418, SER 
109 and NCB 280) that were outstanding in their adaptation to drought stress conditions. The 
superior performance of these lines under drought stress was associated with higher values of pod 
harvest index, leaf area index and canopy biomass, and/or lower proportion of pod wall biomass. 
• Field evaluation of 33 RILs of the cross DOR 364 x BAT 477 at Palmira resulted in identification 
of two lines (BT 21138-6-1-1, BT 21138-4-1-1) that were superior in their adaptation to drought 
stress conditions. The superior performance of these lines under drought stress was associated 
with higher values of shoot P uptake and lower proportion of pod wall biomass indicating the 
importance of greater mobilization of photosyntates to seed under rainfed conditions.  
• Greenhouse evaluation of 16 bean genotypes using soil tube method for root phenotyping resulted 
in identification of three genotypes BAT 477, G 21212 and G 19833 that were superior in their 
root development under intermittent and terminal drought stress conditions. 
• Families derived from intergene pool crosses were tested in three additional seasons under 
conditions of aluminum toxicity. Although no single line was consistently superior to the VAX 1 
tolerant check, in each season some lines outyielded VAX 1, and sometimes these were sister 
lines.   
• Families derived from interspecific crosses between drought resistant SER 16 and Phaseolus 
coccineus presented far improved vigor under severe aluminum toxicity over the SER 16 parent.  
• Genotypic differences in Al resistance in common bean were demonstrated not to be constitutive 
but build up during medium-term exposure of the roots to aluminum. 
• Greenhouse evaluation to quantify phenotypic differences among 13 bean genotypes in root 
development and distribution under individual stress of high aluminum resulted in identification 
of two genotypes of Phaseolus coccineus G 35448-9P and G 35157-3Q that were superior in their 
root development.  
• Greenhouse evaluation to quantify phenotypic differences among two advanced lines (BAT 477 
and DOR 364) in root development and distribution under individual and combined stress of high 
aluminum and drought indicated that the line BAT 477 was superior in its root development 
under both individual and combined stress of Al and drought.  
• Several lines presented superior yields over standard checks in conditions of low phosphorus 
availability across four different environments. Some of these proceeded from novel sources of 
low P tolerance, including G 21212 and G 19862. Five such lines were also superior to the check 
under intermittent drought. These represent an advance in the area of multiple abiotic stress 
resistance.  
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 Activity 1.2     Developing germplasm with multiple resistance to diseases 
 
Highlights: 
 
• Nineteen out of 103 lines evaluated for BCMNV were found to have either recessive genes for 
resistance, probably bc-3, or protected I gene.  
• Drought resistance was confirmed in lines with excellent red color and recessive resistance to 
BCMNV.  
• The new biotype (B) of the whitefly species Bemisia tabaci transmitted the Bean leaf crumple 
virus at a frequency of 4.9% in six different biological transmission tests, as compared to a 26.6% 
incidence for the A biotype. 
• We identified 5 interspecific lines that combine resistance to three soil borne (Rhizoctonia solani, 
macrophomina phaseolina and Sclerotium rolfsii), and three foliar (common bacterial blight, 
anthracnose and angular leaf spot) diseases. 
 
Activity 1.3  Developing germplasm with resistance to insect pests  
 
Highlights: 
 
• Resistance to the bean weevil (Acanthoscelides obtectus) was evaluated in Phaseolus vulgaris x 
P. acutifolius hybrids, but all previous selections from 2006 proved to be susceptible.  
• Reconfirmation of methods to identify resistance to Zabrotes subfasciatus were tested 
• The index of selection for tolerance to Empoasca kraemari was used to select bean lines with 
resistance to the insect 
 
Activity 1.4  Developing more nutritious small seeded bean varieties 
 
Highlights: 
 
• Parental materials for Mesoamerican beans with about 60% more iron (or about 30 mg kg-1  
increase) have been obtained with much improved adaptation to the warm tropics. These same 
Mesoamerican lines express the high iron trait across environments, with rank correlations 
ranging from 0.60 to 0.80.  
• Interspecific progenies have expressed as high as 98 mg kg-1 iron and 56 mg kg-1 zinc. Families 
with excellent adaptation to highland environments present somewhat lower iron levels, but still 
with an advantage of as much as 40 mg kg-1 iron over checks. Some such families also appear to 
have a level of resistance to ascochyta blight.  
 
Output 2:  Improved, large-seeded, bean germplasm resistant to major biotic       
   and abiotic stresses with greater nutritional and market value 
 
Activity 2.1 Developing germplasm with multiple resistant to diseases 
 
Highlights: 
 
• Breeding lines of the ‘Cargamanto’ type were screened for CORPOICA, identifying 16 families 
segregating for recessive resistance genes for BCMV, and one family that was homozygous 
resistant.  
• Marker assisted selection was implemented for two angular leaf spot resistance genes in the 
nutritional breeding program.   The markers SH18 and PF5 were used in marker assisted selection 
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on 319 and 133 progeny from crosses with the resistance sources, AND277 and G10474, 
respectively.  The markers were implemented with alkaline extraction DNA and suggestions were 
made on how to improve their use in future work.  An additional 1400 selections have been made 
from crosses involving 3 other potential ALS resistance sources (G5686, G10909, Mex54). 
• The effectiveness of marker assisted selection for anthracnose resistance was determined using 
two markers, SAB3 and SAS13, for selection of the genes Co-5 and Co-42, respectively in six 
backcross populations of the resistant parent G2333 with susceptible commercial type recurrent 
parents from the Cargamanto and Agrario seed classes.  High levels of resistance were 
successfully transferred to the BC1 derived families. 
• The results of 13 ALS isolates showed that the isolates were of both the Andean and Middle-
American types.  Mexico 54 and G 5686 were resistant to all 13 isolates, both of them were large 
seeded differentials; Cornell 49242 was resistant to nine, and PAN 72, G 2858, Flor de Mayo and 
BAT 332 were each resistant to seven isolates.  These results were consistent with those 
previously obtained at ARC-GCI and these sources of resistance are used in the breeding 
programs to improve bean varieties in selected market classes for South Africa and other 
countries in SADC region. 
• Crosses were made to incorporate drought and high Fe and Zn levels in red speckled sugar beans. 
Advanced lines with CBB, ALS, rust and halo blight were used as disease resistant parents and 
NUA 56, AND 620 as parents with high Fe and Zn, while SEA 5, SEA 15 and SEA 16 were 
included as parents with drought resistance. 
• Markers have successfully been used to compile a characterized root rot and ALS nursery which 
is currently comprised of 
o Twenty four RIL’s possessing the RWR719 root rot gene 
o Five entries from crosses combining resistance to ALS and Pythium, and positive for 
Mex 54 ALS and RWR 719 root rot genes 
o Nine entries from BC-S5 F5 (GLP 2 x RWR 719) possessing the RWR719 root rot gene 
 
Activity 2.2 Developing germplasm with resistance to insect pests 
 
Highlights: 
  
• Some Andean bean lines presented Emposaca tolerance at least as good and possibly better that 
the tolerant check.  
 
Activity 2.3 Incorporating wider genetic diversity into beans  
 
Highlights: 
• Drought resistance has been confirmed in lines of several Andean grain types. As in the case with 
Mesoamerican beans,  in Andean types selection for drought resistance appears seems to have 
produced lines with earlier maturity, equal or better yield potential, and improved yield efficiency 
in terms of better yield per day.  
• Two large seeded lines (KS 88/1-1 and DN 1007) from BIWADA nursery show 10-60% yield 
advantage over drought tolerant checks (Mwezi Moja and GLP x 92) under drought conditions. 
•  Effective farmer’s criteria for participatory selection under drought conditions were identified 
and validated.  
• 12 new lines were selected for combining drought tolerance and market preferred traits. 
• A hydroponic screening method was used to evaluate aluminum toxicity tolerance in advanced 
lines of Andean common beans, since these have been less well-studied than Mesoamerican 
beans.  Andean genotypes of both indeterminate and determinate growth habit, especially AFR 
298, were found to be more tolerant 
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Activity 2.4 Developing more nutritious large seeded bean varieties 
 
Highlights: 
 
• Micronutrient breeding program for Andean beans developed F5 and F3 lines from simple, double, 
triple and multiple crosses between three high iron sources, two high iron advanced lines and 
commercial varieties from Africa and Latin America as well as angular leaf spot resistance 
sources with 729 lines selected for bush beans and 1422 lines selected for climbing beans. 
• Condensed tannis were evaluated in 25 accessions of tepary bean comparing concentrations in the 
seed coats of cultivated genotypes and whole seed of wild accessions.   Highest values were found in 
yellow colored tepary beans and in the wild accessions suggesting some differences and lower overall 
tannin levels as compared with common bean. 
• Disease resistance was evaluated in high iron NUA and BIF lines in Bolivia, Colombia and 
Southern Africa (Malawi, Tanzania and Zimbabwe) for angular leaf spot, common bacterial 
blight, floury leaf spot, powdery mildew and rust.    The most tolerant NUA lines with the high 
mineral trait were identified.   
• A regional strategy for developing  and disseminating micronutrient dense bean lines developed 
and implemented in more than 15 countries in east, central and southern Africa 
• Results of screening 1,412 accessions show considerable variability for iron and zinc 
concentration.  Iron concentration varied from 40 to over 100 mg kg-1. Zinc concentration varied 
from 18 to over 50 mg kg-1. 
• Accessions from the Great Lakes region show more variability for mineral density 
• Mineral analyses of 281 F2.6 large seeded red and red mottled lines  show large variation in grain 
iron concentration (30-130 mg kg-1) 
• An F2 runner bean populations show higher Fe concentration (110 mg kg-1) than parents 
suggesting transgressive segregation for high mineral trait. 
• Wide variability for grain zinc concentration found in F2.6 lines (10-60 mg kg-1) suggests potential 
for combining market preferred large seed size types with high mineral trait and resistance to 
diseases.  
• Grain Fe concentration was influenced by soil type and season. Lime application significantly 
reduces grain Fe and Zn concentration 
• Soil application of Fe chelates and foliar application of iron significantly increases grain iron and 
zinc concentration.  
• Both foliar zinc fertilization and soil zinc application increased grain Fe concentration. Foliar zinc 
application significantly increased see zinc concentration, while response to zinc fertilization was 
influenced by soil type and location effects 
• There are significant genotypic differences in cooking time among the fast track lines. Cooking 
time for un-soaked bean varied from 109 to 220 minutes. 
• Soaking overnight reduced cooking time by 33% with a range of 0 to 58%. Awash Melka (a 
canning variety) had the shortest cooking time when soaked, while GLP 92 (a pinto bean) had the 
longest cooking time. 
• Soaking and cooking reduced grain mineral concentration. Fe retention after soaking and cooking 
varied from 71.4 % in VNB 81010 to 99.6 % in Ituri Matata. Average retention of Fe after 
cooking among the fast track lines was 87%. 
• Soaking and cooking significantly reduced zinc concentration in bean samples. Zinc retention 
values ranged from 69.0 to 97.3% in samples cooked without soaking with a mean of 87.0%. 
Retention values for soaked and cooked samples ranged from 59.3% to 92.2% with a mean of 
72.6%. 
• Protein retention in cooked beans varied from 78.1% in AFR 708 to 98% in GLP 2.     
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• Seventeen fast track lines were resistant to at least two diseases but only Kiangara was resistant to 
the four diseases (common bacterial blight, anthracnose, BCMV and rust). 
•  Soya Fupi, Ituri Matata, K132, Nguaku Nguaku, Awash Melka and RWR 10 were rated resistant 
or moderately resistant to CBB, BCMV, anthracnose and root rot under severe disease pressure. 
• Selian 97, Jesca, TY 3396-12, Ranjonoby, VCB 81013 and LIB-1 showed resistance to at least 
two diseases. 
• Anthracnose, ascochyta blight and BCMV remain the most serious threat to production of 
micronutrient dense bean lines especially in high altitude locations 
• Runner bean lines grown in the same field showed excellent levels of resistance to all diseases 
(except for rust) and to frost 
 
 
Output 3:   Strategies developed for management of diseases and insects in bean-based   
   cropping systems 
 
Activity 3.1 Characterizing and monitoring pathogen and insect diversity 
 
Highlights:  
 
• Most of the isolates of C. lindemuthianum in Colombia are Andean, and 88% overcome the Co-
11 resistance gene in Michelite, while the resistance genes in Kaboon (Co-12), Mexico 222 (Co-
3), To (Co-4), and G2333 (Co-42, Co-5, Co-7) remained effective. 
• The P. griseola population in Darién continues to be predominantly Andean, where as isolates 
from Popayán were all of the Mesoamerican sub-group. 
• Diffusion of technology activities within the DFID-funded project on Sustainable Management of 
Whiteflies was continued and expanded. 
 
Activity 3.2 Characterizing disease and insect resistance genes 
 
Highlights: 
 
• CAPS markers were developed from a SCAR for the BGYMV resistance gene bgm-1 and was 
used to locate the gene relative to a potyvirus resistance gene bc-12 .   The linkage of two 
recessive viral resistance genes functional against viruses from different families has not been 
described before to our knowledge.  
• Three microsatellite markers were identified that were linked to the ALS resistance genes in the 
Andean genotype G5686. Microsatellite markers PV-Ag004 and PV-CTT001 were linked to 
resistance gene A and located on chromosome B4; while the microsatellite marker PV-At007 
segregated with resistance gene B that was located on chromosome B9. 
• Amplification of DNA from genotypes that are normally used in crosses with G5686 revealed 
that these markers are gene pool non-specific, thus, conforming their utility for MAS. 
• Three microsatellites were identified that segregated with the Pythium root rot resistance gene in 
RWR719 and one that was linked to the resistance gene in AND1062. 
• Two of the microsatellite markers are localized on linkage group B2 while the others are on 
linkage group B4, revealing that at least two loci condition Pythium root rot resistance in common 
bean. 
 
Activity 3.3  Developing integrated disease and pest management components  
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Highlights: 
 
• All of the bean cultivating areas in Colombia and Ecuador included in the Fontagro-financed project 
“Reduction in the Use of Pesticides and Resistance Developed to it in Rice and Common Bean Crops 
in Colombia, Venezuela and Ecuador” were addressed.  
• Whitefly species and biotypes, thrips and leafminers were properly identified.  
• Patterns of pesticide use for whitefly, thrips and leafminers control in target are well known. 
• Significant progress was achieved in measuring levels of pesticide resistance in whitefly, thrips, 
leafminer populations in Colombia. 
• Important changes in whitefly species composition were detected in the target area.  
• A number of Pythium species associated with crops grown together with beans were pathogenic on 
beans, sorghum and peas with the latter two the ones most affected.  
• Scanning electron microscopy revealed that the infection process of Pythium on common bean varies 
with the different species.  
• In a collection of landraces from western Uganda, small seeded varieties were twice as frequent as 
large seeded varieties with medium size being second most abundant. Pythium root rot is severe on 
the large-seeded Andean beans, therefore the relative abundance of small seeded varieties could be 
attributed to the selection pressure due to root rots despite the wider preference for large seeded 
beans. 
 
 
Output 4:  Approaches and methods developed and available for strengthening   
    institutional, organizational and collaborative capacity of NARS and   
    sub-regional networks in Africa and Latin America   
 
Activity 4.1 Strengthened capacity of NARS: increasing the knowledge and skills    
    of scientists and staff from NARIs, NGOs and Rural Service Providers  
 
Highlights: 
 
• A total of fifty-seven students conducted research activities related to their thesis work, of which 
thirty seven were at CIAT HQ, and twenty in Africa.  Of these, five PhD students were as visiting 
researchers at HQ . 
• In Latin America, five Ph.D. candidates, six M.Sc. candidates, and ten pre-graduate students 
completed their research theses.  In Africa two Ph.D, five M.Sc. and one Bs. candidates 
completed their research theses.   
• A total of twenty-three students continue their studies, as follows: three Ph.D. candidates in 
Africa and four in Latin America, nine M.Sc. candidates in Africa and three in Latin America, 
and four pregraduate in Latin America. 
• Eight visiting researchers coming from Bolivia, Canada, Colombia, Cuba, Honduras and Uganda 
received training in different disciplines at headquarters 
• Several courses and workshops were held in Latin America and Africa  
• During this reporting period there were two joint steering committee meetings which brought the 
two networks, ECABREN and SABRN together where they reflected on the progress over the 
past 4 years, and planned activities to achieve the milestones contributing towards achieving the 
goals in the final year of the project.  
 
Activity 4.2 Strengthen international collaboration through networks (Intra- and inter-  
    network collaboration), bi-lateral relations, and/or joint special projects 
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Highlights: 
 
• The Pan African Bean Research Alliance (PABRA) continued to provide funding support to 
research for development sub-projects within the SABRN. 
• Additional funding came from McKnight Foundation in support of innovative bean seed systems 
in Malawi, Mozambique and southern highlands of Tanzania, as well as for introducing climbing 
beans in low altitude - warmer climates areas in Malawi and Mozambique  
• The regional bean network in eastern and central Africa initiated training of trainers in 
preparation of nutritive and income generating bean recipes using iron micronutrient rich bean 
‘Maharagi Soja’ in eastern DR Congo.  
 
Activity 4.3 Supporting breeding programs in NARS, regional networks, farmers’  
    associations, and CIALs with germplasm and technical knowledge 
 
Highlights: 
 
• More fixed lines, cultivars and released bean varieties which combine acceptable market classes, 
high yielding potential and resistance to diseases were distributed in a regional yield trial to 
various NARIs partners in different countries. 
• Some lines and varieties with high Fe and Zn content which were distributed to NARS partners 
have bean earmarked for variety release: Zimbabwe (NUA45 and NUA59), Tanzania (Roba-1), 
Malawi (NUA45 and NUA56) and Mozambique (NUA45 and Ayenew).  
• 4 new bean varieties were released in 2007: SUG131 in Zimbabwe and C30P20 (Kapisha), 
KID31 (Kabale) and Kabulangeti in Zambia 
• Breeding programs for improved nutritional quality have been established in national programs in 
Central America, the Andean zone, and in eastern and southern Africa. The concept of 
biofortification has been adopted with great enthusiasm.  
• Strong Biofortification programs have been established in Bolivia and Venezuela as part of the 
Fontagro and AgroSalud projects with 7 nurseries established and analyzed for seed iron and zinc 
concentration as well as a pre-release experiment for NUA lines and micronutrient fertilization 
trial.   
• NUA (Andean nutrition lines) genotypes have proven adaptable in several countries and are near 
release in Bolivia, Malawi and Zimbabwe.   In addition they have been widely tested on-farm in 
Colombia and in several Southern African countries.  Stability analysis was conducted for the 
NUA lines using geographic information systems tools allowing us to follow up on soil and 
climate variable that affect iron and zinc uptake in multi-location trials across Colombia and 
Bolivia.   
• We evaluated two collections of released varieties from Eastern and Southern Africa consisting of 
221 genotypes from 10 countries (DR Congo, Kenya, Lesotho, Malawi, Mozambique, Swaziland, 
South Africa, Tanzania, Uganda and Zimbabwe) with atomic absorption and near infrared 
reflectance spectrophotometry to determine seed iron and zinc concentration.   Correlations 
between methodologies and between minerals were observed.   
• Micronutrient dense varieties are being evaluated in on-farm and on-station trial in all nine 
countries in ECABREN region 
• Six countries had completed the advanced yield testing stage by December 2007 
• Six countries in the final multi-location testing (national performance trials) of selected 
biofortified lines at more than 41 test sites in east and central Africa. 
• More than 10 candidate varieties identified 
• First formal release of biofortified bean varieties expected in 2008 
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Activity 4.4  Development of sustainable seed systems to support wide dissemination 
 
Highlights: 
 
• Progressive institutionalization of wider impact ( participatory variety selection and seed systems) 
in many PABRA countries. This has led improved production and accelerated supply of improved 
beans seeds to farmers including newly released bean  varieties)   
• The outcome and impact of accelerated seed accessibility (wider impact) is starting to be noticed 
• Deliberate effort to support the weak or lagging behind NARS e.g. Madagascar, Mozambique, 
Burundi in strengthen their wider impact( seed systems)  
• Initiation of several projects with wider impact (seed systems ) components linking variety 
development in several countries  e.g. Kenya-Ethiopia (TLII), Rwanda-DRC (CIALCA) and 
Malawi/Mozambique and Tanzania (McKnight supported project)  
• Expansion and use of the wider impact approach beyond beans and in other institutions.  
 
Activity 4.5 Socio-economic activities 
 
Highlights: 
 
• In Zambia, out of a total of 9 varieties that were commonly disseminated by 18 partner 
institutions 5 were CIAT lines, 2 were Local crosses, and 2 were local land races. 
• Three varieties popularly disseminated in Zambia in 2005 and 2006 were released in 2007, these 
are C20P30 (Local Cross), KID 31 ( CIAT Line) , Kabulangeti (Local landrace). 
• Sustainable farmers’ access to seed in Zambia is dependent on active collaborations with seed 
companies, NGOs and Farmers’ associations. 
• The methods of seed dissemination largely in use in Zambia, ranked in order of importance are 
free seed to farmers, seed sold to farmers and seed loans. 
• In Zambia, out of 10,759 farmers that received seed, 44.6% (4800) were women and 55.4% 
(5959) were men. 
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1. NARRATIVE PROJECT DESCRIPTION 
 
IP-1:  BEAN IMPROVEMENT FOR THE TROPICS 
 
 
Rationale & Changes 
 
Rationale:
 
                     
The common bean is the world’s most important grain legume for direct human consumption. Its total 
production exceeds 12 million MT, of which 7 million MT are produced in tropical Latin America 
and Africa. Beans are the “poor man’s meat” and are particularly important in the diet of the 
underprivileged. Beans, like other legumes, supply proteins, carbohydrates, vitamins and minerals, 
and complement cereals, roots and tubers that compose the bulk of diets in most developing countries.  
 
Common bean is also one of the most diverse crops in terms of its cultivation methods and its uses.  It 
serves as mature grain, as immature seed, and as a vegetable (both leaves and pods). It is cultivated 
from sea level up to 3000 masl in monoculture, in association, or in rotations. The possibility of 
obtaining a harvest in as little as two months offers quick income, quick food supply, and also permits 
rotating with other crops or inter-planting among fruit trees or coffee before the primary crop 
produces income.  At the other extreme are the aggressive climbing beans that subsistence farmers 
maintain in the garden for food security and continual harvest over a six month period.  
 
Apart from subsistence cultivation, beans have become increasingly commercial over the past thirty 
years in national, regional and international markets.  In Central America beans are the #1 income 
generator among the traditional field crops.  In Africa farmers tap into regional bean markets in 
Nairobi, Kinshasa and Johannesburg. With the onset of globalization, the past decade has seen a 
growing international market that is now reported to reach 2.4 million MT. This heightens issues of 
equity for the small bean producers that have little other stable source of income, but some also see 
this as an opportunity. For example, bean represents 6% of external income for Ethiopia, and small 
farmers in Bolivia produce the large white and red mottled classes for export. Snap beans are a high 
value, labor intensive crop of small farmers in Kenya and the Andes. 
 
Our primary mission is to contribute to household and global food security by assuring an adequate 
supply of beans as a culturally acceptable and traditional staple; and to improve the income of small 
bean producers of Latin America and Africa, by making bean production more profitable. We also 
seek to improve human nutrition, both by maintaining the supply of beans, and by improvement of 
their nutritional value.   
 
Our outputs are designed to respond in particular to the needs of small, resource-poor bean farmers in 
Latin America and Africa.  Thus, we seek to create solutions to biotic and abiotic production 
limitations that require minimal inputs, and in the case of improved germplasm, with good market 
potential. Our research strategy focuses on the exploitation of the vast genetic resources of bean that 
exist as a complex array of major and minor gene pools, races and sister species. CIAT’s gene bank 
with 41,000 accessions of common bean and related species is our most unique resource, and has been 
the source of genes for disease and insect resistance, abiotic stress tolerance, nutritional quality and 
yield potential. Most traits are still selected by conventional means in field sites (in some cases backed 
up by greenhouse evaluations) where most important diseases, edaphic constraints and drought can be 
manipulated for purposes of selection. However, Marker Assisted Selection (MAS) is employed 
selectively but strategically, in most cases for disease resistance genes. CIAT pioneered participatory 
selection with farmers and this practice is being extended and systematized. While most outputs are 
seed based, others involve knowledge intensive agronomic practices. Still others are knowledge 
based. Our research is strategic with elements of both basic and applied, as called for by the particular 
challenge.   
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Changes:
In Output 1 it appears to be feasible to add an output target of small seeded lines with multiple abiotic 
stress tolerance, based on recent data. Also, the predicted rate of increase of iron in improved beans 
has been moderated slightly, based on recent experience with genetic gain.  
  
 
CG System Priorities:
CIAT’s bean project is housed principally under CG System Priority Area 2: Producing more and 
better food at lower cost through genetic improvements.  Efforts are dedicated to improving yields 
through control of diseases and pests, tolerance to abiotic stresses (drought and low soil fertility in 
particular), and expanding the adaptation range of climbing beans. The bean project also places heavy 
emphasis on improvement of nutritional quality, especially through increase in iron and zinc content 
in the grain.  There is potential to contribute to Priority Area 3A: Increasing income from fruits and 
vegetables, through the improvement of snap beans for both Africa and Latin America. The bean team 
collaborates with marketing specialists to create varieties with better market potential, including 
international export markets (Priority Area 5B). Finally, strengthening national institutions (Priority 
Area 5A) continues to be an important output, both in Africa where novel institutional arrangements 
and relations have been productive to achieve wide impact, and in Latin America where staff 
reductions have weakened national programs. On both continents national programs seek support to 
incorporate modern selection techniques.  
  
 
Impact Pathways:
Outputs 1 (Improved, small-seeded bean germplasm) and 2 (Improved, large-seeded bean germplasm) 
have similar beneficiaries, end users and uptake chains.  Both are targeted to small farmers and poor 
consumers in Africa and Latin America. Small seeded germplasm is often targeted to warmer climates 
or more difficult environments in Central America, Mexico, Venezuela, East Africa and Brazil. Large 
seeded germplasm is usually cultivated in more temperate climates in the Andean zone, the East 
African highlands and southern Africa, although in the African highlands small and large seeded types 
overlap, sometimes differentiated by soil fertility gradients within the farm, prevailing biotic 
constraints and household preferences. Improved germplasm is shared or developed jointly with 
NARS partners, who supply basic seed to a range of organizations interested in production of seed 
(local seed companies, NGO’s, CBO’s, women’s groups) who in turn distribute to farmers. Benefits 
accrue to farmers through stable food supply and improved income from sale of excess production. 
Urban consumers benefit of increased production through established but largely informal marketing 
structures. Assumptions for the successful delivery of these outputs include institutional and financial 
stability of partners, political stability, and institutional support. The role of CIAT is that of a primary 
research provider (of improved germplasm), at times a secondary research provider (backing up 
national bean improvement programs with technical expertise and training), and catalyzer (to promote 
downstream alliances in the uptake chain).  
  
 
Beneficiaries of Output 3 (Strategies developed for managing diseases and pests) are in some cases 
researchers (both inside and outside of CIAT), and in some cases are bean producers. For example, 
molecular markers benefit researchers directly, and farmers indirectly as subsequent beneficiaries. 
Uptake pathway for such methodologies is direct communication through workshops and courses, and 
indirectly through publications, leading to benefits of more efficient and effective bean research. This 
assumes that partners are in a position to implement such technologies. On the other hand, crop 
management practices are of direct benefit to farmers as users, potentially across all bean ecosystems. 
Uptake chain for agronomic practices are similar to those for seed based technologies; results are 
communicated to NARS and other partners (NGO’s, CBO’s etc) who have successfully diffused 
practices to farmers, to the benefit of farmers who enjoy more stable productivity.  The role of CIAT 
is that of primary source of research.  
 
Output 4, (Approaches and methods developed and available for strengthening institutional, 
organizational and collaborative capacity of NARS and sub-regional networks in Africa and Latin 
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America) seeks to benefit partners at multiple levels through facilitated interaction, including farmers 
who are at the end of the organizational chain. NGOs, government extension agencies, farmer 
organizations, local seed companies, and non-conventional seed actors such as women groups, people 
living with HIV/AIDS and tobacco companies all participate and benefit. The output will generate 
impact on target beneficiaries through their participation in development of innovations, knowledge 
and technologies in strategic alliances with multidisciplinary research teams and NGOs.  Scaling out 
of innovations and best practices to areas with similar environments will be done through strategic 
alliances of research and development actors.  The latter will use their network and other 
communications mechanism to adapt knowledge and results relevant to them. Scaling up regionally 
and internationally will be done through international NGOs, advocacy, and communication. The 
outcome is enhanced communication and complementarity of actors with resulting cost efficiencies, 
and in the case of technology diffusion, increased and diversified adoption. Another dimension of this 
output is support to NARS in development of projects, benefiting national program researchers and 
with the outcome of their integration into the research project mode. This assumes a degree of 
consistency in partner personnel, while CIAT’s role is that of facilitator.  
 
International Public Goods:
The IPG of the bean project include:  
  
• Improved germplasm with biotic and abiotic stress tolerance, and/or enhanced nutritional 
value, drawing upon the genetic resources of CIAT’s extensive gene bank, pathogen isolate 
collections, and 30 years of experience in bean improvement. CIAT’s geographical position 
and access to varied altitudes and research sites facilitates study and selection of germplasm.  
• Improved practices for the management of pests and diseases, including monitoring of 
pathogen populations with modern molecular tools developed at CIAT.  
• Knowledge and tools that contribute to the development and implementation of the above 
IPG’s. For example, molecular markers for useful traits, developed with CIAT’s in-house 
resources of genetic maps and markers. Knowledge of the structure of genetic resources 
housed in the gene bank, and ways to exploit them. Participatory breeding methods with 
varying degrees of involvement of farmers, traders and other key actors.  
• Methods for networking, both formal among official sector researchers, and less formal 
among a broader range of partners, with special emphasis on research partnerships and on 
effective and sustainable seed systems reaching a large number of households.  
 
Partners:
Most important partners and the respective person-years of professionals dedicated to bean research 
within the (several) outputs are: 
   
 
Output 1: NARS in Latin America, including those of Mexico (6), Guatemala (2.5), Honduras (2, 
including EAP-Zamorano), El Salvador (2), Cuba (2), Haiti (1), Brazil (4) participate in the 
AgroSalud project to improve nutritional quality and productivity of bean, while Venezuela (2) and 
Bolivia (2) are partners in a similar project funded by FONTAGRO. Nicaragua (4.5) is a partner in 
breeding for drought tolerance. NARS in East, Central and Southern Africa including those of 
Ethiopia (3), Rwanda (4), Malawi and DRCongo (4), participate in the improvement for low soil 
fertility, productivity and drought. The University of Hannover, Germany participates in a project for 
transformation methods of bean to improve drought tolerance (2), and in a second project, seeking to 
establish physiological mechanisms of aluminum tolerance (2), which also includes Malawi (2) and 
Rwanda (4). Catholic University of Leuven (3) is a partner to improve nitrogen fixation technology.  
 
Output 2: NARS in Latin America, including those of Colombia (5 between university staff, an NGO 
and the NARI), Bolivia (4 between university staff and a foundation) and Haiti (1) collaborate in the 
improvement of disease resistance of Andean bean with better nutritional quality under the AgroSalud 
and FONTAGRO projects. NARS in East, Central and Southern Africa, including those of Kenya (5), 
Rwanda (6), and Uganda (5) Tanzania (4) are partners in the development of disease resistance, 
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medium altitude climbing beans (MAC), productivity and improvement of nutritional qualities in 
large seeded Andean beans. 
Output 3: NARS in Honduras (Zamorano) (1), Colombia (2), Uganda (3), Rwanda (4), share in the 
use of markers for MAS, especially for resistance.  South Africa (3) participates in pathogen 
characterization, evaluation and validation of resistance sources.  Agriculture and Agri-Food Canada 
(AAFC) is a partner in diagnosis and characterization of soil borne pathogens (especially Pythium 
species) using molecular techniques, and development of molecular based diagnostic assays for soil 
borne pathogens. 
 
Output 4: NARS as above –plus a wide range of NGOS, CBOS, farmers’ groups, women’s groups, –
totaling over 300 direct-link partnerships, to make users aware of technologies and to get these 
technologies widely disseminated. 
 
The ECABREN and SABRN bean networks coordinate nine NARS in East Africa and ten NARS in 
southern Africa, respectively. These networks participate in Outputs 1, 2, 3 and 4 with input from 
African NARS cited above, plus NARS in Burundi (3), Sudan (2), Zambia (1), Zimbabwe (1), 
Mozambique (3), Lesotho (3) and Swaziland (3).  
 
HarvestPlus Challenge Program: IFPRI, CIMMYT, and CIP are immediate collaborators in the CP 
and the AgroSalud (Latin American) nutritional improvement project, working in the same agro-
ecological zones, while ICRISAT, IITA, IRRI, and ICARDA are indirect collaborators under 
HarvestPlus. ECABREN and SABRN networks in Africa also participate in HarvestPlus.  
 
Generation Challenge Program: Partners include EMBRAPA-Brazil (2), INTA-Cuba (1), Pairumani 
(an NGO) in Bolivia (2), National University in Colombia (2).  
 
Sub-Saharan Africa Challenge Program: ICIPE, AHI and NARS in Rwanda, Uganda and D.R. Congo 
are immediate partners.  
 
 
Project Funding: 
Budgeting 2005-2009 
 
Year 2005 
(actual) 
2006 
(actual) 
2007 
(actual) 
2008 
(estimated) 
2009 
(planned) 
US Dollars 
(millions) 
 
2.941 
 
3.965 
 
3.638 
 
3.510 
 
3.462 
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LOGFRAME  MATRIX:   IP-1-BEAN IMPROVEMENT FOR THE TROPICS (2007-2009) 
Targets Outputs Intended user Outcome Impact 
 
OUTPUT 1 
 
Improved, small-seeded, bean germplasm resistant to 
major biotic and abiotic stresses with greater 
nutritional and market value. 
 
NARS and farmers in 
Central America, the 
Caribbean, Brazil, East 
and Southern  Africa 
Adoption of improved 
varieties by farmers 
More stable production, 
food availability, better 
nutritional status and 
income 
 
 
Output Targets 
2007 
 
• 5-10 interspecific BC1-F3 progeny between 
common bean and P. coccineus that broaden the 
genetic base for tolerance to aluminum; 
resistance to ALS, root rots, anthracnose; and/or 
high mineral content.  
• 10 lines combining drought and low fertility 
tolerance confirmed, beating checks by 40% 
under each stress.  
• CIAT breeders 
• NARS breeders 
 
 
 
• Farmers in Latin 
America 
• Breeders incorporate 
broader diversity into 
populations  
 
• Farmers adopt drought 
tolerant lines in drought 
prone areas of Latin 
America 
• Improved productivity 
in marginal 
environments 
 
 
Output Targets 
2008 
 
 
 
 
• At least 40 lines combining drought tolerance 
with resistance to BCMNV, root rots, and/or 
ALS available for testing in Africa 
• ~30 small seeded F3-derived F5 families 
developed with tropical adaptation, 60% more 
minerals, abiotic tolerance, and 2 resistances 
(HarvestPlus) 
• NARS, NGO’s and 
CBO’s 
• Drought tolerant lines 
with critical resistance 
genes are used in drought 
prone areas in Africa 
• Yield stability  
 
 
Output Targets 
2009 
 
 
 
 
• 50 improved lines with varietal potential and 90-
100 ppm iron (ie, 80% more iron) 
• At least 10 genotypes combining drought 
tolerance with aluminium resistance available 
for testing in Africa 
• At least 3 snap bean lines with resistance to rust 
and quality characteristics preferred in regional 
and export markets.  
• NARS, NGO’s  
CBO’s, health 
workers  and 
consumers 
• NARS breeders, 
NGO’s  CBO’s and  
traders and farmers, 
in target countries 
• Adoption of micronutrient 
rich beans 
• Adoption of stress 
tolerant lines in marginal 
environments 
 
• Adoption of snap bean 
and reduced chemical use. 
• Improved household 
nutrition 
• Improved productivity 
in marginal soil 
environments 
• Improved incomes 
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OUTPUT 2 
 
Improved, large-seeded, bean germplasm 
resistant to major biotic and abiotic stresses with 
greater nutritional and market value. 
 
NARS and farmers in 
the Andean zone, the 
Caribbean, East and 
southern Africa 
Adoption of improved 
varieties by farmers 
More stable production, 
food availability and 
income 
 
Output 
Targets 2007 
• 15 new large-seeded bush lines with high 
mineral trait and resistance to 2 diseases, 
mainly in the red mottled and red seed 
classes (HarvestPlus). 
• NARS and NGO’s  
 
 
• High iron lines adopted 
 
 
• Reduced levels of 
iron and zinc 
deficiency  
 
 
 
Output 
Targets 2008 
• 15 new large seeded climbing beans with 
high mineral trait (HarvestPlus) 
• At least 10 lines in major market classes 
combining resistance to Pythium root rots, 
BCMV and angular leaf spot   
• NARS, NGO’s and 
farmers’ groups 
• Farmers incorporate 
high mineral and 
disease resistance lines 
into diverse production 
systems 
• Reduced levels of 
iron and zinc 
deficiency 
 
• Improved food 
security, & income. 
 
Output 
Targets 2009 
• Large seeded lines with 50% more iron 
enter formal varietal release process  
• More disease resistance genes for 
anthracnose or ALS introgressed into 
BCMNV resistant climbing beans 
• NARS breeders, 
NGO’s, CBOs, and 
farmer groups 
• Adoption of 
micronutrient rich 
beans 
• Reduced levels of 
iron and zinc 
deficiency 
 
 
OUTPUT 3 
 
 
Strategies developed for managing diseases and 
pests in bean-based cropping systems. 
Breeders, 
entomologists and 
pathologists in CIAT 
and NARS 
Best bet IDPM practices 
and genetic combinations 
for stable resistance 
deployed. 
More stable bean yields 
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Output 
Targets 2007 
 
• Method available to quantify 2 major soil 
borne pathogens (Pythium ultimum  and 
Fusarium solani), as a tool to assess disease 
management strategies, and to refine 
management of resistance breeding 
nurseries. 
• Molecular markers for Pythium root rot 
resistance used in MAS 
• Pathologists in 
CIAT and NARS 
• Breeders focus 
breeding on resistance 
to relevant pathotypes.  
• Breeders deploy 
markers in genetic 
improvement  
• Reduced yield losses 
from root rots 
 
 
Output 
Targets 2008 
 
 
• Molecular markers linked to ALS 
implemented in MAS 
• Molecular tools for detection, diagnosis and 
diversity studies of key ALS and 
anthracnose pathogens made available  
• CIAT and NARS 
breeders 
• NARIs researchers 
in LAC, Africa, 
IARCs 
• Breeders deploy 
markers and enjoy 
improved efficiency in 
genetic improvement  
• Disease and pest 
characterization tools 
adopted by researchers 
• More stable 
resistance in 
advanced lines leads 
to stable yield 
 
 
Output 
Targets 2009 
 
 
 
• Three sustainable crop management options 
enhancing micronutrient density in beans 
characterized 
• Multiple gene combinations to manage ALS 
developed through MAS 
• NARS soil 
scientists, 
pathologists, 
entomologists and  
food scientists 
• CIAT and NARS 
breeders 
• Increased utilization of 
integrated management 
approaches.   
• Breeders use lines with 
stable resistance in 
breeding programs  
• Improve production 
and nutritional value 
of bean 
• Reduced yield losses 
from ALS 
 
 
OUTPUT 4 
 
 
Approaches and methods developed and 
available for strengthening institutional, 
organizational and collaborative capacity of 
NARS and sub-regional networks in Africa and 
Latin America  
NARS in Africa and 
Latin America  
Improved institutional 
performance by NARS, 
NGOs and other partners, 
reflected in more effective 
technology development 
and dissemination 
More stable production, 
improved food 
availability,  income and 
nutrition, especially for 
the poor and women 
farmers 
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Output 
Targets 2007 
• Innovative approaches and tools developed 
and made widely available to partners in 
Kenya, Malawi, Uganda, and Tanzania for 
IPDM and marker-assisted selection of 
varieties. 
• Innovative approaches and tools for 
attaining wider impact developed and 
widely available to partners in DRCongo, 
Tanzania, Madagascar and Mozambique. 
• Methods and tools for participatory plant 
breeding developed and made available in 5 
SABRN countries 
• Breeding programs for biofortification 
firmly established in Honduras, Brazil, 
Bolivia, Guatemala, Venezuela, Kenya and 
Malawi.  
NARS, NGOs, CBOs 
and farmers. 
 
 
 
 
 NARS, NGOs, and 
farmers 
 
NARS, NGOs, and 
farmers 
 
• Increased use of 
IPDM strategies that 
enable R&D institutions 
to reach more farmers, 
and of marker-assisted 
methods that improve 
cost-effectiveness in 
breeding new varieties.  
• Partner 
organizations promote 
technologies and reach 
end users more 
effectively 
• Partners access 
tools and methods in 
multiple languages to 
empower themselves 
• National program 
breeders incorporate 
biofortification as 
primary goal 
Reduced effect of 
diseases and pests leading 
to increased and more 
stable bean production by 
farmers 
 
 
Increased production and 
incomes 
 
Increased production and 
incomes 
 
 
 
Output 
Targets 2008 
 
 
 
• An IPM system for whiteflies on snap beans 
refined and promoted in major bean 
producing areas of the Andean zone 
• Training of trainer cadre set up to serve 
PABRA countries to assure continuity in 
methodology innovation in region 
 
 
• NARS, NGO’s, 
CBO’s 
 
 
 
 
• Farmers reduce 
pesticide use, assuring 
production and 
profitability  
• NARS incorporate 
innovation methods  
leading to greater  
breeding impacts 
 
• Less pesticide 
intoxication in rural 
communities and 
urban consumers 
• Increased production 
and incomes. Needs 
of more diversified 
users met. 
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Output 
Targets 2009 
 
 
 
• Fast track micronutrient dense bean 
varieties disseminated and promoted in 
eastern and southern Africa 
• Methodologies for mainstreaming sustained 
wider impact developed and 
recommendations availed for East, Central 
and Southern Africa 
• An IPDM system for bean root rots 
implemented and promoted in major bean 
producing countries in Africa 
 
 
• NARS, NGOs, 
CBOs, farmer 
groups, seed 
certification 
agencies, seed 
producers 
• NARS, NGOs, and 
farmers 
• NARS, NGOs, and 
farmers 
 
 
 
 
• Increased use of iron 
and zinc rich beans 
• Increased partner 
involvement in 
accessing technologies 
to a greater number of 
end users 
• Farmers adopt IPDM 
practices, reducing 
losses from soil borne 
pathogens 
 
• Reduced incidence of 
iron and zinc 
deficiency in target 
communities and 
countries 
 
• Increased incomes 
and production, and 
stable production 
systems from 
increased soil 
microbial diversity 
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2.    RESULTS ASSOCIATED WITH 2007 PROJECT OUTPUT TARGETS    
CIAT PROJECT IP-1: BEAN IMPROVEMENT FOR THE TROPICS (2007-2009) 
Targets Outputs Intended user Outcome Impact Achieved 07  
(yes or no) 
Proof of 
achievement  
(list 
documentation) 
 
OUTPUT 1 
 
Improved, small-seeded, bean 
germplasm resistant to major biotic 
and abiotic stresses with greater 
nutritional and market value. 
 
NARS and farmers in 
Central America, the 
Caribbean, Brazil, East 
and Southern  Africa 
Adoption of improved 
varieties by farmers 
More stable 
production, food 
availability, better 
nutritional status and 
income 
  
 
 
Output 
Targets 2007 
 
• 5-10 interspecific BC1-F3 
progeny between common bean 
and P. coccineus that broaden the 
genetic base for tolerance to 
aluminum; resistance to ALS, 
root rots, anthracnose; and/or 
high mineral content.  
• CIAT breeders 
• NARS breeders 
 
 
 
• Farmers in Latin 
America 
• Breeders incorporate 
broader diversity 
into populations  
 
• Farmers adopt 
drought tolerant 
lines in drought 
prone areas of Latin 
America 
• Improved 
productivity in 
marginal 
environments 
Yes Annual report 
2007 sections 
1.1.2.2, 1.2.2.1, 
and 1.4.1.3.   
 • 10 lines combining drought and 
low fertility tolerance confirmed, 
beating checks by 40% under 
each stress. 
   Yes Annual report 
2006, section 
1.1.1.2 
Annual report 
2007 section 
1.1.4.1 and 
1.1.4.2 
 
OUTPUT 2 
 
Improved, large-seeded, bean 
germplasm resistant to major biotic 
and abiotic stresses with greater 
nutritional and market value. 
 
NARS and farmers in 
the Andean zone, the 
Caribbean, East and 
southern Africa 
Adoption of improved 
varieties by farmers 
More stable 
production, food 
availability and 
income 
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Targets Outputs Intended user Outcome Impact Achieved 07  
(yes or no) 
Proof of 
achievement  
(list 
documentation) 
 
Output 
Targets 2007 
• 15 new large-seeded bush lines 
with high mineral trait and 
resistance to 2 diseases, mainly in 
the red mottled and red seed 
classes (HarvestPlus). 
• NARS and NGO’s  
 
 
• High iron lines 
adopted 
 
 
• Reduced levels of 
iron and zinc 
deficiency  
 
 
Yes Annual report 
2007 sections 
2.4.1, 2.4.3, 
2.4.4 and 2.4.9 
HarvestPlus 
2007 report 
section 1.3 
 
 
OUTPUT 3 
 
 
Strategies developed for managing 
diseases and pests in bean-based 
cropping systems. 
Breeders, entomologists 
and pathologists in 
CIAT and NARS 
Best bet IDPM practices 
and genetic 
combinations for stable 
resistance deployed. 
More stable bean 
yields 
  
 
 
Output 
Targets 2007 
 
• Method available to quantify 2 
major soil borne pathogens 
(Pythium ultimum  and Fusarium 
solani), as a tool to assess disease 
management strategies, and to 
refine management of resistance 
breeding nurseries. 
• Pathologists in 
CIAT and NARS 
• Breeders focus 
breeding on 
resistance to 
relevant pathotypes.  
• Breeders deploy 
markers in genetic 
improvement  
• Reduced yield 
losses from root 
rots 
  
 • Molecular markers for Pythium 
root rot resistance used in MAS 
   Yes Annual report 
2006, section 
2.1.3, p 106-110 
Annual report 
2007, section 
2.1  
 
 
OUTPUT 4 
 
 
Approaches and methods developed 
and available for strengthening 
institutional, organizational and 
collaborative capacity of NARS and 
sub-regional networks in Africa and 
Latin America  
NARS in Africa and 
Latin America  
Improved institutional 
performance by NARS, 
NGOs and other 
partners, reflected in 
more effective 
technology development 
and dissemination 
More stable 
production, improved 
food availability,  
income and nutrition, 
especially for the poor 
and women farmers 
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Targets Outputs Intended user Outcome Impact Achieved 07  
(yes or no) 
Proof of 
achievement  
(list 
documentation) 
 
 
 
 
 
 
 
Output 
Targets 2007 
• Innovative approaches and tools 
developed and made widely 
available to partners in Kenya, 
Malawi, Uganda, and Tanzania 
for IPDM and marker-assisted 
selection of varieties. 
NARS, NGOs, CBOs 
and farmers. 
 
 
 
 
 NARS, NGOs, and 
farmers 
 
NARS, NGOs, and 
farmers 
 
• Increased use of 
IPDM strategies that 
enable R&D 
institutions to reach 
more farmers, and of 
marker-assisted 
methods that improve 
cost-effectiveness in 
breeding new 
varieties.  
• Partner 
organizations 
promote technologies 
and reach end users 
more effectively 
• Partners access 
tools and methods in 
multiple languages to 
empower themselves 
• National 
program breeders 
incorporate 
biofortification as 
primary goal 
Reduced effect of 
diseases and pests 
leading to increased 
and more stable bean 
production by farmers 
 
 
Increased production 
and incomes 
 
Increased production 
and incomes 
Yes Annual report 
2006, section 
4.1.2, p 207-
210.  
Annual report 
2007, section 
4.1.2. 
 • Innovative approaches and tools 
for attaining wider impact 
developed and widely available 
to partners in DRCongo, 
Tanzania, Madagascar and 
Mozambique 
   Yes Annual report 
2006, section 
4.4.1, p 247-9 
Annual report 
2007, sections 
4.4.1 and 4.4.2 
 • Methods and tools for 
participatory plant breeding 
developed and made available in 
   Yes Annual report 
2006, sections 
4.1.2, p 207; 
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Targets Outputs Intended user Outcome Impact Achieved 07  
(yes or no) 
Proof of 
achievement  
(list 
documentation) 
5 SABRN countries 4.1.5, p 216-9; 
4.2.13, p 223.  
Annual report 
2007, section 
4.2.1.2 
Project Reports 
submitted to 
donors  (BMZ 
and McKnight) 
Refereed 
Publications 
(Sperling) 
Workshop 
proceedings 
(Rubyogo) 
Trip Reports  
PABRA 
logframe and 
annual Reports, 
2004-2007 
Listserve 
documentation 
 • Breeding programs for 
biofortification firmly established 
in Honduras, Brazil, Bolivia, 
Guatemala, Venezuela, Kenya 
and Malawi. 
   Yes Annual report 
2007 section 
4.3.4 
Blair MW, C. 
Astudillo, A. 
Hoyos, Y. Viera, 
O. Mosquera 
(2007) Seed iron 
and zinc levels 
in a collection of 
Colombian 
released 
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Targets Outputs Intended user Outcome Impact Achieved 07  
(yes or no) 
Proof of 
achievement  
(list 
documentation) 
varieties grown 
at two levels of 
phosphorus 
fertilization.  
Annual Report 
of the Bean 
Improvement 
Cooperative 50: 
43-45. 
 
Caldas GV, 
Blair MW, 
Restrepo J 
(2008) Análisis 
de taninos 
condensados en 
genotipos de 
fríjol común 
sembrados en 
tres localidades 
del 
departamento de 
Nariño.  
Fitotecnia 
Colombiana (in 
press) 
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3.     RESEARCH HIGHLIGHTS IN 2007   
 
We will highlight 2 areas of our current research portfolio:  
 
3.1.   Stability and geographic systems analysis of NUA advanced lines in Colombia and Bolivia. 
 
Contributors:  F. Monserrate, G. Hyman (GIS Unit, CIAT), M.W. Blair (IP-1, CIAT) 
 
NUA advanced lines of common bean have been developed for enhanced levels of Fe and Zn in the 
commercial Andean red-mottled “calima” types in Colombia.  These lines have been in agronomic 
trials since 2003 and are currently being considered for release. During the testing process, genotype-
environment (GxE) interaction has been found to be an important factor in the accumulation of these 
nutrients. An analysis of multilocational trials identified those lines with higher stability, and sought 
to determine which soil or climatic variables are associated with the GxE.  An additional objective 
was to predict the geographic regions in which to deploy these genotypes. NUA35 presented the 
highest stability and average content of Fe and Zn in all environments. A principal component 
analysis (PCA) with soil, climate and yield variables of trial sites two groups of sites: the first related 
with pH value and cation exchange; and the second, with organic matter content, precipitation and soil 
Fe content.  High seed Fe content was found in places with high soil Fe content or higher pH 
values. Finally, using Homologue™ and other spatial analysis tools, it was possible to identify 
potential production zones to continue with experimentation and release of these genotypes. NUA 
lines are also being considered for varietal release in Malawi and Zimbabwe.  
 
3.2.   Physiological evaluation of drought resistance in elite bean lines under field conditions 
 
Contributors: J. Polanía, M. Grajales, C. Cajiao, R. García, S. Beebe and I. M. Rao 
 
Twenty elite breeding lines and cultivars were evaluated to define the physiological basis of drought 
adaptation. Seed yield under drought ranged from 1320 to 2317 kg ha-1
 
, with commercial cultivars Tio 
Canela 75, Perola and Carioca yielding the least. Correlation coefficients between yield and shoot 
attributes indicated that yield was positively related to pod harvest index, stem biomass reduction, pod 
N uptake, shoot N uptake, pod P uptake and shoot P uptake, leaf area index, canopy temperature and 
canopy temperature depression (CTD: canopy temperature – ambient temperature) at 1 p.m. Since 
CTD is a negative value, a positive correlation with yield implies that more negative values (i.e., more 
canopy cooling) correspond to low yield. CTD reflects the ability of transpiration to cool the leaves, 
and should be an indicator of the ability to access more soil moisture. Perola, Carioca, SEA 5 and Tio 
Canela showed more negative values of CTD, but three of these were poor yielding. This was 
corroborated by studies of root distribution of 4 genotypes through the soil profile, indicating a 
negative correlation between root production and grain yield. In contrast, drought resistant SER 16 
presented relatively less roots and less negative CTD with higher grain yield compared with the other 
3 genotypes. SER 16 was more water use efficient than DOR 390 and Tio Canela 75 due to its greater 
ability to mobilize photosynthates to grain. Greater rooting depth alone will not assure good yield 
under drought. Further work is needed to verify these observations. 
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 4.   PROJECT OUTCOME:   
 
Outcome statement: Participatory Plant Breeding (PPB) and Participatory Variety Selection (PVS) 
methods have been promoted within the CIAT African bean networks to focus research on specific 
client needs and to hasten the uptake of breeding products. 
 
MTP target: 2004 (materials); 2005 (12 countries); 2006 (10 countries).   
 
PPB/PVS methods and tools have been diffused in 12 PABRA countries (or 14 major breeding 
NARS). Training included field courses, monitoring tours and project development where PPB/PVS 
processes served as central  R&D elements. Twenty-seven out of 53 breeders in the African networks 
regularly employ PPB/PVS methods, with about half publishing on this theme. Detailed M+E shows 
PPB/PVS approaches used at some point in all 18 of PABRA countries between 2003 and 2006. 
Eighteen PPB/PVS-linked varieties have been released in 5 countries (Kenya, Ethiopia, DRC, 
Tanzania and Uganda) in 4 years (2003 – 2006), with another 12 varieties near release. Direct links 
with traders during variety selection lead to dramatic cases of variety adoption and the identification 
of lucrative market linkages. As examples, in Southern Ethiopia, regional traders have moved PPB 
varieties southward in Ethiopia and into Kenya  (a distance of 400 km).    The red-mottled and red 
kidneys sell at US$4-5 per 100 kg more than local beans and farmers liken them to  ‘meat without 
blood,’ due to their dietary boost.  In Southern Uganda (Bukora), traders sell PPB varieties to points 
450 km distant—in Uganda and Rwanda.  These red kidney-shaped varieties bring local farmers 1500 
USh/kg (versus 500 for the local) and are sold in more distant markets for 2000 USh. 
 
The PPB training and implementation has resulted in distinct information and process outcomes, for 
different actors. 
 
NARS Breeders:
 
 Variety criteria of different groups and uses (women/men; market-orientation/home 
consumption) are now understood across agro-ecological zones. Such information feeds back to 
finetune  programs. While yield and disease resistance remain important, three others stand out across 
sites:  Early maturity  (for drought escape and to ‘fill the hunger gap’);  marketability (both domestic 
and export); and cooking time (as well as taste) as rural farmers increasingly supply town/urban  
markets,  and as fuelwood becomes scarce. 
Farmers:
 
 In many sites farmers gain faster access to germplasm and hasten diffusion. Their sense of 
greater research ownership is clear: varieties are baptized after the selector, the village of selection or 
according to farmer sentiment: e.g. in northern Tanzania, the variety “Ushindi”or Victory.     
Traders
 
-   Traders involved are getting access to varieties early, moving them quickly and widely, and 
earning important profit margins.   
NGOs
  
-  Partners are catalyzing the on-farm testing, and  bringing farmers new germplasm and 
experimentation methods to build community capacity, and to enrich food security (common NGO 
goals).   Such collaborations also help defray NARS’ costs for on-farm research. 
The use of PPB/PVS  methods has been  a win win win win situation-  for breeders,  farmers, traders 
and NGOs.  Because PPB encourages co-learning and can unfold even in marginal areas, it is a prime 
vehicle for exploring varieties whose value-added traits may be hidden  (e.g. biofortification)  or  
most visible in high stress zones (e.g. in  drought-prone areas or those experiencing climate change). 
Further, as PPB/PVS seeks to meet enduser preferences (e.g. traders, processors), it is an important 
vehicle for expanding private sector and other uptake (e.g. farmer cooperative) linkages.  
 
This PPB outcome is documented in detail via PABRA M+E databases (drawn from national program  
reports 2003-2006), workshop proceedings and refereed articles.  A full list of articles has been 
compiled.  
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5.        LIST OF 2007 PUBLICATIONS 
(includes in press, in review and submitted ) - see complete list 
 
 
5.1 Book chapters and books (all in English) 
 
- Book chapters published:    5  
- Book chapters in press:     1 
 
 
5.2 Refereed and non-refereed journal articles  
 
- Papers published in English:   23 
- Papers submitted in English:    2 
- Papers in press in English:   1 
- Papers in review in English:   1 
- Papers published in Spanish:    4 
- Papers in review in Spanish:   1 
 
 
5.3      Workshop and conference papers  
 
- Papers in English:  43 
- Papers in French:    2 
- Papers in Spanish:  11 
 
 
5.4 Proceedings, posters, abstracts, others   
 
- Proceedings: in English   3 
- Posters:  in English  13 
in Spanish   2    
- Abstracts: in English   2 
- Others:  in English   1 
in Spanish   1 
in others   1 (African languages) 
 
 
5.5 Editorial Contributions 
 
- Reviewed articles for:  
       World Development  
     Human Ecology 
    Agricultural Systems 
    Euphytica 
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5.1     BOOK CHAPTERS AND BOOKS 
Ayarza, M., E. Barrios, I. Rao, E. Amézquita and M. Rondon. 2007. Advances in improving 
agricultural profitability and overcoming land degradation in savanna and hillside 
agroecosystems of tropical America. In: A. Bationo, B. Waswa, J. Kihara and J. Kimetu (Eds). 
Advances in integrated soil fertility research in sub Saharan Africa: challenges and 
opportunities. Springer, Dordrecht, the Netherlands, p. 209-229.  [ISBN 978-1-4020-57595]. 
 
Blair, M.W.; Fregene, M.A.; Beebe, S.E.; Ceballos L., H. 2007. Marker-assisted selection in 
common beans and cassava. In: Guimaraes, E.P.; Ruane, J.; Scherf, B.D.; Sonnino, A.; Dargie, 
J.D. (eds.). Marker-assisted selection: Current status and future perspectives in crops, livestock, 
forestry and fish. Organización de las Naciones Unidas para la Agricultura y la Alimentación 
(FAO), Rome, IT. p.81-115. 
 
Dwivedi, S.L., Upadhyaya, H.D., Stalker, H.T., Blair, M.W., Bertioli, D., Nielen, S., Ortiz, R.  
2007. Enhancing crop gene pools of cereals and legumes with beneficial traits using wild 
relatives.  Plant Breeding Reviews v. 30. 
 
Fortmann, L., H. Ballard and L. Sperling. 2007. Change around the Edges: Gender Analysis, 
Feminist Methods and Sciences of Terrestrial Environments. In L. Schiebinger ed. Gendered 
Innovations, 
 
Stanford University Press.   
Lubanga, L., P.M. Kimani, R. Ngatoluwa, B. Rabary, G.O. Rachier, M. M. Ugen, V. Ruganzu and  
E. Awad Elkarim. 2007. Bean improvement for low soil fertility adaptation in Eastern and 
Central Africa.  In: A. Bationo, B. Waswa, J. Kihara and J. Kimetu (Eds). Advances in 
integrated soil fertility research in sub Saharan Africa: challenges and opportunities. Springer, 
the Netherlands, p. 325-332. [ISBN 978-1-4020-57595]. 
 
Nandwa, S. M., A. Bationo, S. N. Obanyi, I. M. Rao, N. Sanginga and B. Vanlauwe. 2007. Inter and 
intra-specific variation of legumes and mechanisms to access and adapt to less available soil 
phosphorus and rock phosphate. In: A. Bationo (Ed.) Fighting Poverty in Sub-Saharan Africa: 
The Multiple Roles of Legumes in Integrated Soil Fertility Management, Springer-Verlag, 
New York (in press).  
 
 
5.2 REFEREED AND NON-REFEREED JOURNAL ARTICLES  
REFEREED  JOURNALS 
Ariza-Nieto, M.; Blair, M.W., Welch, R.M., Glahn, R.P.  2007.  Screening of bioavailability 
patterns in eight bean (Phaseolus vulgaris L.) genotypes using the Caco-2 cell in vitro model.   
J. Agr. Food Sci. 55:7950-7956. 
 
Beebe, S., I. M. Rao, C. Cajiao and M. Grajales. 2007. Selection for drought resistance in common 
bean also improves yield in phosphorus limited and favorable environments. Crop Science (in 
press). 
 
Blair, M.W., Díaz, J.M., Duque, M.C., Hidalgo, R.  2007.  Evidencia molecular de diferenciacion 
genética e introgresión entre razas de fríjol común del acervo Andino.  Acta Agronomica 56: 
165-170. 
 
Blair, M.W., Díaz, J.M., Hidalgo, R., Díaz, L.M., Duque, M.C.  2007.  Microsatellite 
characterization of Andean races of common bean (Phaseolus vulgaris L.).  Theor Appl Genet 
116: 29-43. 
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Blair, M.W., Hoyos, A.., Cajiao, C., Kornegay, J.  2007.   Registration of two mid-altitude climbing 
beans with yellow grain color, MAC56 and MAC57.  Crop Science J. Crop Reg 1 (2): 143-144. 
 
Blair, M.W., Pantoja, W., Hidalgo, R.  2007. Diversidad de faseolina de fríjol común cultivado del 
Caribe.  Acta Agronomica 56: 171-176. 
 
Blair, M.W., Rodriguez, L.M., Pedraza, F., Morales, F., Beebe, S.E.  2007.  Genetic mapping of the 
bean golden yellow mosaic geminivirus resistance gene bgm-1 and linkage with potyvirus 
resistance in common bean (Phaseolus vulgaris L.) Theor Appl Genet. 114: 261-271.  
 
Dwivedi, S.L., Crouch, J.H., Mackill, D.J., Xu, Y., Blair, M.W, Ragot, M., Upadhyaya, H.D., Ortiz, 
R. 2007.  The molecularization of public sector crop breeding: progress, problems and 
prospects.  Advances in Agronomy  95:163-318 
 
Garzón, L.N., Blair, M.W., Ligaretto, G.  2007. Uso de selección asistida con marcadores para 
resistencia a antracnosis en fríjol.   Agronomia Colombiana 25: 207-214. 
 
Graham, R.D.,  Welch, Ross M.,  Saunders, D.A., Ortiz-Monasterio, I., Bouis, H.E., Bonierbale, M., 
de Haan, S., Burgos, G., Thiele, G., Liria, R.,  Meisner, C.A., Beebe, S.E. Potts, M.J., Kadian, 
M., Hobbs, P.R., Gupta, R.J., Twomlow, S.   2007. Nutritious subsistence food systems. 
Advances in Agronomy 92:1-74. 
 
Grisi, M.C.M., Blair, M.W,, Gepts, P., Brondani, C., Pereira, P.A.A., Brondani, R.P.V.  2007.  
Genetic mapping of microsatellite markers in common bean (Phaseolus vulgaris) population 
BAT93 x Jalo EEP558. Genetics and Molecular Research 6: 691-706. 
 
Hannah, M.A., Krämer, K.M., Geffroy, V., Kopka, J., Blair, M.W., Erban, A., Vallejos, C.E., 
Heyer, A.G., Sanders, F.E.T., Millner, P.A., Pilbeam, D.J. 2007.  Hybrid weakness controlled 
by the dosage-dependent lethal (DL) gene system in common bean (Phaseolus vulgaris) is 
caused by a shoot-derived inhibitory signal leading to salicylicacid-associated root death. New 
Phytologist 176(3):537-549. 
 
Kimani, J.M., P. M. Kimani, S.M. Githiri and J.W. Kimenju. 2007. Mode of inheritance of common 
bean (Phaseolus vulgaris L.) traits for tolerance to low soil phosphorus. Euphytica 155: 225- 
234. 
 
McGuire, S. and L. Sperling.  Seed aid: the view from farmers’ fields (submitted to Agricultural 
Systems
 
) 
Montoya, C.A., Gómez, A.S., Lalles J.-P., W.B. Souffrant, S. Beebe, P. Leterme. 2007. In vitro and 
in vivo hydrolysis of beans (Phaseolus vulgaris L.) genetically modified to express different 
phaseolin types. Food Chemistry. Doi.10.1016/j.foodchem.2007.07.016 
  
Montoya, C.A., P. Leterme , S. Beebe, W.B. Souffrant, D. Mollé, and Lalles J.-P. 2007. Phaseolin 
type and heat treatment influence the biochemistry of protein digestion in the rat intestine. 
British Journal of Nutrition doi.10.1017/S0007114507819179 
 
Oberthür, T., Cock, J., Andersson, M.S., Naranjo, R.N., Castañeda, D., Blair, M.W.  2007.  
Acquisition of low altitude digital imagery for local monitoring and management of genetic 
resources.  Computers and Electronics in Agriculture 58(1): 60-77. 
 
Polanía, J., I. M. Rao, S. Beebe and R. García. 2007. Desarrollo y distribución de raices bajo estrés 
por sequía en frijol común usando tubos con suelo en condiciones de invernadero. Agrociencia 
(in review). 
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Rangel, I. Rao and W. Horst. 2007. Spatial aluminum sensitivity of root apices of two common bean 
(Phaseolus vulgaris L.) genotypes with contrasting aluminium resistance. J. Exp. Bot. 
58(14):3895-3904. 
 
Rangel, A. F., I. M. Rao and W. J. Horst. 2007. Cellular distribution and binding stage of aluminum 
in root apices of common bean (Phaseolus vulgaris L.) genotypes differing in aluminum 
resistance. Planta (in review). 
 
Rubyogo, J.C. L. Sperling, R. Muthoni, and R. Buruchara.  2007.  Bean seed delivery for small 
farmers in sub-Saharan Africa: the power of partnerships  (submitted to Society and Natural 
Resources) 
 
NON-REFEREED JOURNALS 
 
Blair, M.W., C. Astudillo, A. Hoyos, Y. Viera, O. Mosquera.  2007.  Seed iron and zinc levels in a 
collection of Colombian released varieties grown at two levels of phosphorus fertilization.  
Bean Improvement Cooperative 50: 43-45. 
 
Blair, M.W., Rodriguez, L.M., Pedraza, F., Morales, F., Beebe, S.E., P, Miklas., J. Beaver.  2007. 
Development and genetic mapping of a SCAR marker for the bean golden yellow mosaic 
geminivirus resistance gene bgm-1.  Bean Improvement Cooperative 50: 77-78. 
 
Cardona, C., Rodríguez, I. 2007. Resistencia a insecticidas en el biotipo B de Bemisia tabaci: estado 
actual e implicaciones para el manejo de esta importante plaga. En: Memorias XXXIV 
Congreso Sociedad Colombiana de Entomología, Cartagena, 25-27 Julio, pp. 12-21.  
 
Checa, O.E., Ceballos, H., Blair, M.W.  2007.  Inheritance of plant height, internode length and 
branch number in climbing common bean populations (Phaseolus vulgaris L.).  Bean 
Improvement Cooperative 50: 25-26. 
 
Díaz, L.M., Blair, M.W.   2007.  Microsatellite diversity of Mesoamerican common beans 
(Phaseolus vulgaris L.).  Bean Improvement Cooperative 50: 17-19. 
 
Kimani, P.M., G.K. Gicharu, N. Mburugu, H. Boga and R. Cheruiyot. 2007. Nodulation and yield 
of bush and climbing bean s inoculated with rhizobia strains.  Bean Improvement Cooperative  
50: 195-196. 
 
Kimani, P.M., J.P. Lodi Lama, Matondo Nsebua and Lunze Lubanga. 2007. Bean varieties for 
humid tropical lowlands. Bean Improvement Cooperative  50: 181-182. 
 
Makunde, G.C., Beebe, S.E., Blair, M.W., Chirwa, R., Lungu, D.  2007.  Inheritance of drought 
tolerance traits in Andean x Andean and Andean x Mesoamerican F2
 
 Populations.  Bean 
Improvement Cooperative 50:159-160. 
Rubyogo, J.C., Sperling, L., and Assefa, T.  2007.  A new approach for facilitating farmers’ access 
to bean seed., LEISA 23(2): 27-29.  
 
Tofiño, A.P., Calderón, J.F., Palacio, J.D., Blair, M.W.  2007.  Variability study of 89 snap bean 
genotypes using the AFLP molecular technique. Bean Improvement Cooperative 50: 67-68. 
 
Tofiño, A.P., Ocampo, C., Blair, M.W.  2007.  Association between biochemical descriptors and the 
pod fibrousness in the characterization of snap bean germoplasm for latin american fresh 
consumption.  Bean Improvement Cooperative 50: 63-64. 
 
  22 
 
5.3     WORKSHOP AND CONFERENCE PAPERS  
 
Avila, T., Astudillo, C., Davila, A., Reyes, X., Blair, M.W.  2007. Analisis del contenido de hierro y 
zinc en semilla de la coleccion boliviana de fríjol (Phaseolus spp.). Presentado en X Congreso 
Asociación Colombiana de Fitomejoramiento y Producción de Cultivos.  Pasto, Nariño, 5-7 
June. 
 
Beebe, S., Rao, I., Polonía, J.A., Grajales, M., Cajiao, C. 2007. Improved harvest index in drought 
resistant common beans and possible effects on combining ability. Paper presented at the Semi-
annual Meeting of the Bean Improvement Cooperative. Madison, WI. 28 Oct.- 1st
  
 Nov. 
Beebe, S.,  I.M. Rao, M.Á. Grajales, y C. Cajiao. 2007. Evaluación de líneas de frijol desarrolladas 
para resistencia a sequía en combinación con el gen bc-3 para resistencia a BCMV.  Paper 
presented at the LIII Reunión del PCCMCA (Programa Cooperativo Centroamericano para el 
Mejoramiento de Cultivos y Animales), Antigua Guatemala, Guatemala, 23-27 April. 
  
Beebe, S.,  I.M. Rao, M.Á. Grajales, y C. Cajiao. 2007. Preparando para el cambio de clima y la  
escasez de lluvia: mejoramiento del frijol para resistencia a la sequía.  Paper presented at the 
LIII Reunión del PCCMCA (Programa Cooperativo Centroamericano para el Mejoramiento de 
Cultivos y Animales), Antigua Guatemala, Guatemala, 23-27 April. 
 
Blair, M.W.  2007. Bean Genomics at CIAT.  Sequencing project planning meeting.  Cuernavaca, 
Mexico, 29 Jan. 
 
Blair, M. W.  2007.  Common Bean Ferritins. Harvest Plus Workshop on Plant Ferritin as a 
Bioavailable Source of Iron - Washington DC, 25-26 Jan. 
 
Blair, M. W.  2007.  From genes to beans:  platform for marker utilization in breeding.   Kirkhouse 
Trust Meeting,  Nairobi Kenya, 19 Feb.  
 
 Blair, M.W., P.M. Kimani, N.Moreno, H. F. Buendia and R.Chirwa. 2007. Genetic diversity in 
common bean (Phaseolus vulgaris L.) from eastern and southern Africa and its relationship 
with nutritional quality. Rockeller Foundation Meeting on Biotechnology, Breeding and Seed 
Systems for African crops.  Maputo, Mozambique,  26-29 March. 
 
Blair, M. W.  2007.  Discovery and utilization of common bean genetic diversity. Phaseomics V 
meeting,   Varenna, Italy, 24-26 May. 
 
Blair, M.W. 2007.  Contribución del fríjol silvestre en el mejoramiento de características 
agronómicos en el cultivo de fríjol común. In X Congreso Asociación Colombiana de 
Fitomejoramiento y Producción de Cultivos.  Pasto, Nariño, 5-7 June. 
 
Blair, M.W., Restrepo, J., Pradilla, A.,Gracia, B., Araujo, C., de Plata, C., Mosquera, M., Ariza-
Nieto, M., Glahn, R.P., Pachón, H., Astudillo, C., Caldas, G.V.  2007.  Desarrollo y utilizacion 
de frijoles con alto contenido de minerales y maíz de alta calidad proteica en un programa de 
intervención nutricional en el sur-occidente de Colombia. Presentado en X Congreso 
Asociación Colombiana de Fitomejoramiento y Producción de Cultivos. Pasto, Nariño, 5-7 
June.  Awarded 2nd
 
 prize for presentations. 
Blair, M.W.  2007.  Race structure and relationships among ecotypes in cultivated common bean 
(Phaseolus vulgaris L.).  Presented at the Annual General Meeting Generation Challenge 
Program, Benoni, South Africa, 12-16 Sept. 
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Blair, M.W.  2007.  Fitomejoramiento nutricional y uso de caraota biofortificada y maíz QPM para 
la nutricion humana.  Caso:  Proyecto Fontagro.  Maracay, Venezuela, 3 Oct.. 
 
Blair, M.W.  2007.  Bean genetics and genomics at CIAT.  Chinese Academy of Agricultural 
Science,  Beijing, China, 10 Oct. 
 
Blair, M.W.  2007.  Bean genetics and genomics at CIAT.  Kazusa Institute, Tokyo, Japan, 23 Oct.  
 
Blair, M.W.  2007.  Microsatellite marker diversity in common bean (Phaseolus vulgaris L.).  Paper 
presented at the Bean Improvement Cooperative Meeting.  Madison, USA, 28 Oct.-1st
 
 Nov.  
Blair, M.W., C. Astudillo, G.V. Caldas, J. Rengifo, S.E. Beebe, P. Kimani, R. Graham, M. Grusak, 
M. Ariza-Nieto, R. Glahn, R. Welch.  2007.  Progress and potential for improving 
micronutrient content in common beans: Bean Biofortification. Harvest Plus Challenge 
Program.  Purdue University.  West Lafayette, USA, 2 Nov.  
 
Bueno, J.M. 2007. Manejo de la mosca blanca en habichuela. In Taller de  capacitación Prácticas de 
Manejo en tomate y habichuela, Bañado de la Cruz, Comarapa, Bolivia, 2 Dic.  
 
Bueno, J.M. 2007. Manejo de plagas del fríjol.  Presentado en Taller de capacitación para técnicos 
agrícolas. San Isidro, Comarapa, Bolivia, 4 Dic. 
 
Chemining’wa, G.N., J.H. Nderitu, P. M. Kimani, O.L.E Mbatia and A. Ndegwa. 2007. Progress in 
snap bean research at the University of Nairobi. Eastern and Central Africa Bean Research 
Network review and planning workshop, Arusha, Tanzania,12-16 March. 
 
Chirwa, R.M., J.C. Rubyogo, E. Mazuma, M. Amane and C. Madata.  2007.  Creating Impact 
Oriented Bean Seed Delivery Systems for the Poor  in Malawi, Mozambique and Tanzania. 
Presentation during the McKnight Foundation – Collaborative Crop Research Programme-
Grantees Conference. From Community to Community, Chantilly France, 1-6 Dec.  
 
Kandie, P.K,  J.H. Nderitu,  G.H.N Nyamasyo and P.M. Kimani. 2007. Bean bruchid 
(Acanthoscelides obtectus say) management technologies on stored beans in eastern Kenya. 
Eastern and Central Africa Bean Research Network review and planning workshop, Arusha, 
Tanzania, 12-16 March. 
 
Kimani, P.M. 2007. Bean breeding  in Kenya: An Overview. Kirkhouse Trust East African Bean 
Workshop, Nairobi, Kenya 18-20 March. 
 
Kimani, P.M. 2007. Collection and characterization of bean germplasm. Training in Research 
Methods Workshop for WECABREN. Bafassoum, Cameroon, 19-24 Nov.    
 
Kimani, P.M. 2007. Participatory plant breeding: Theory and Practice. Training in Research 
Methods Workshop for WECABREN. Bafassoum, Cameroon, 19-24 Nov.   
 
Kimani, P.M. 2007. Participatory plant breeding: Some practical issues. Training in Research 
Methods Workshop for WECABREN. Bafassoum, Cameroon, 19-24 Nov. 
 
Kimani, P.M. 2007. Germplasm sources for bean breeding programs. Training in Research Methods 
Workshop for WECABREN. Bafassoum, Cameroon, 19-24 Nov. 
 
Kimani, P.M. 2007. Standard evaluation system for bean germplasm: Implications for West African 
Bean Research Network. Training in Research Methods Workshop for WECABREN. 
Bafassoum, Cameroon, 19-24 Nov.  
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Kimani, P.M., S. Beebe and M. Blair. 2007. Breeding micronutrient dense bean varieties in East and 
Central Africa. Presented at BIC/NAPIA 50th
 
 Anniversary Conference, Madison, Wisconsin, 
USA, 29 Oct-2 Nov.  
Kimani, P.M. and A.W. Mwang’ombe. 2007. Yield stability in bean lines with multiple disease 
resistance. The Rockefeller Foundation. Third Biotechnology, Breeding and Seed Systems 
conference, Maputo, Mozambique, 26-29 March.  
 
Kimani, P.M. 2007. Overview of  micronutrient rich (Biofortified) beans project. Eastern and 
Central Africa Bean Research Network review and planning workshop, Arusha, Tanzania.12-
16 March.  
 
Kimani, P.M. 2007. Breeding Micronutrient Dense Bean Varieties in East and Central  Africa.  
Eastern and Central Africa Bean Research Network review and planning workshop, Arusha, 
Tanzania, 12-16 March.   
  
Musoni, A., P.M. Kimani, R.D. Narla and R. Buruchara. 2007. Inheritance of resistance against 
Fusarium wilt disease in climbing beans. The Rockefeller Foundation, Third Biotechnology, 
Breeding and Seed Systems conference, Maputo, Mozambique, 26-29 March.  
 
Muthoni, R., and Rubyogo, J.C.,  2007.  Progress towards PABRA Framework: 2003-2006. 
Proceedings of the 2007 PABRA Steering Committee Meeting. Nazareth, Ethiopia. 
 
Muthoni, R. 2007. Assessing Reaching End User Programs; CIAT EPMR presentation. Cali, 
Colombia, 21 May. 
 
Muthoni, R. 2007. Experiences from the Bean Program. CIAT Africa Strategy Meeting. Nairobi, 
Kenya.  
 14 Sept.   
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6.   LIST OF SPECIAL PROJECTS  
6.1   AT HEADQUARTERS 
6.1.1   New proposals approved in 2007 
Title Donor Funding  
period 
Total 
 amount 
Amount to 
Partners 
(US $) 
Available in 
2007 
(US$) 
Improved beans for Africa and 
Latin America 
 
DFID, UK 2007 112,973 - 112,973 
TL1: Improving tropical legume 
productivity for marginal 
environments in sub-Saharan 
Africa (Headquarters component) 
 
BMGF 
grant to GCP  
2007-2010 1,867,328 115,000 307,601 
TL2: Enhancing grain legumes 
productivity, production and 
income of poor farmers in drought-
prone areas of sub-Saharan Africa 
and South Asia (HQ component) 
 
BMGF  
grant to CGIAR 
2007-2010 3,454.802 2,866.084 127,456 
Nutritional Improvement of the 
important pulse legume, the 
common bean, through the 
reduction of seed tannin content, 
for the benefits of people' diet in 
Africa and Latin America 
 
CIDA/Univ. of 
Saskatchewan 
2007-2010 CAD  
225,000 
CAD 
65,400 
CAD 
54,200 
Variedades de frijol tolerantes al 
estres abiotico de la baja fertilidad 
y la sequia, y a la sostenibilidad 
productive y alimentaria de 
Centroamerica 
Red-SICTA, 
SDC 
Mayo 2007-
Sept. 2008 
246,100 
 
 
- 35,350 
 
 
6.1.2  List of ongoing special projects in 2007 
 
Title 
 
Donor Funding  
period 
Total 
 amount 
Amount to 
Partners 
(US $) 
Available in 
2007 
(US$) 
Commissioned Research-GCP 
Consortium Members - TILLING 
mutagenesis and drought gene 
analysis 
 
Generation 
Challenge 
Program 
2006-2007 103,879 - 36,074 
Reducing pesticide use and 
pesticide resistance in rice and 
beans in the Andean zone 
 
FONTAGRO 2006-2009 125,000 17,000 12,100 
Fighting Drought and Aluminium 
Toxicity: Integrating Genomics, 
Phenotypic Screening and 
Participatory Research with 
Women and Small-Scale Farmers 
to Development Stress-Resistant 
Common Bean and Brachiaria for 
the Tropics 
 
BMZ 2006-2009 €  1,100,000 €  344,560 €  251,577 
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Title Donor Funding  
period 
Total 
 amount 
Amount to 
Partners 
(US $) 
Available in 
2007 
(US$) 
Bean genomics for improved 
drought tolerance in Latin America 
BMZ-Germany 
(no cost 
extension) 
 
2003-2007 €  740,000 27,274 - 
Biofortified Crops for Improved 
Human Nutrition – Harvest Plus 
Challenge Program 
(Yearly contracts) 
Gates 
Foundation 
World Bank 
DANIDA, 
Denmark 
 
 
2003-2008 305,000 50,000 255,000 
Obtención de nuevas variedades de 
fríjol común con atributos de 
rendimiento y potencial para 
nuevos mercados, utilizando 
selección convencional y asistida 
por marcadores moleculares 
 
 
COLCIENCIAS/ 
Universidad 
Nacional de 
Colombia 
2004-2007 8,235 - 1,330 
Mejoramiento de la nutrición 
humana en comunidades pobres de 
América Latina utilizando maiz 
(QPM) y frijol común 
biofortificados con micronutrientes 
 
 
FONTAGRO 2004-2007 350,000 36,701 53,384 
Combating hidden hunger in Latin 
America: Biofortified crops with 
improved vitamin A,  essential 
minerals and quality protein 
(AgroSalud)  
 
 
CIDA 
 
2004-2010 20,000,000  228,140 
Integrated management of 
whiteflies in the tropics 
 
 
DFID 2005 - 2008 80,610 27,893 50,946 
Increasing Food Security and Rural 
Incomes in Eastern, Central and 
Southern Africa through Genetic 
Improvement of Bush and 
Climbing Beans 
(Headquarters component) 
 
RF 2005-2008 US  254,000 - 43,750 
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6.2    IN  AFRICA 
6.2.1   New proposals approved in 2007 
Title Donor Funding  
period 
Total 
Amount 
US 
Amount to 
partners 
US$ 
Available  
in 2007 
US$ 
TL1: Improving tropical legume productivity 
for marginal environments in sub-Saharan 
Africa (African component) 
 
BGMF 2007-2010 115,000  115,000 
TL2:  Enhancing grain legumes’ productivity, 
production and the incomes of poor farmers in 
drought-prone areas of sub-Saharan Africa and 
South Asia: Seed Systems (African component) 
 
BGMF 2007-2010 2,866.084 
 
1, 368,000 
million seed 
systems 
631,000 433,110 
Intensification of climbing bean based agro-
ecosystems  
(Great Lakes region-backstopped by 
ECABREN - Funding to NARS to resume in 
2008) 
EU/ 
ASAREC
A 
2007-2010 € 419,568   
Putting Seed Security at the Heart of 
Agricultural Relief and Recovery Response  
(Focus on SSSA and Tool Development) 
USAID/ 
OFDA 
Cost 
extension  
2007-2008 409,000   
Export marketing of beans in ECABREN 
countries  
(Not implemented by ECAPAPA due to 
internal reorganization ) 
USAID/ 
REDSO/ 
EA 
Ending by 
9/07 
25,000   
Marker assisted bean breeding Kirkhouse 
Trust 
3 years $180,000 
(excluding 
equipment) 
To be 
determined 
in March   
2008 
To be 
determine
d in March 
2008 
 
 
6.2.2   List of ongoing special projects in 2007 
 
Title Donor Funding  
period 
Total 
amount 
Amount to 
Partners 
(US $) 
Available to 
CIAT  
(US$) 
Effects of root rots on beans on 
Biodiversity  
Gines Mera 
Fellowship 
2006-2008 10,000   
Enhancing competitiveness of 
snap bean for domestic and export 
markets 
ASARECA/EU 
Funding suspended 
in June 2007 and 
could resume in 
early 2008 
2006-2009 €419,754   
Getting back to basics: creating 
impact-oriented bean seed 
delivery systems for the poor  in 
Malawi, Mozambique and 
Tanzania 
McKnight 
CIAT/SABRN in 
partnership with 
NARS in Malawi-
Tanzania and 
Mozambique 
2006-2010 US$ 418,940   
Improved Smallholder food 
Security, Nutrition and Income 
through Increased Production and 
Marketing of Climbing Beans.  
McKnight Initiated 
by ICRAF in 
partnership with 
NARS in Malawi 
and Mozambique 
and CIAT-
TSBF/SABRN 
2006-2010 US$ 418,940    
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Title Donor Funding  
period 
Total 
amount 
Amount to 
Partners 
(US $) 
Available to 
CIAT  
(US$) 
Nutribean VLIR/ 
Belgium 
2006-2011 US$ 384,000   
Improving Resilience of 
production systems in Great 
Lakes Region 
DGDC/ Belgium 2006-2011 € 1,938,392   
Bean root rot disease management 
in Uganda 
DFID-CPP 2005-2006 UK £ 76,927 UK £ 
47,600 
UK £ 29,327 
Promotion of Integrated Pest 
Management (IPM) Strategies of 
Major Insect Pests and Diseases 
of Phaseolus Beans in Hillsides 
Systems in Eastern, Central and 
Southern Africa 
DFID-CP 
Natural Resources 
International Ltd. 
(NRI) 
2005-2006 107,661 
 
- 40,000 
 
Enhanced utilization of nutrient 
rich beans for nutrition and 
income 
 
ASARECA/ 
USAID 
2005-2007 US 280,000 280,000 - 
Evaluation of biorationals for 
bean bruchid pest management by 
smallholder farmers in Lake 
Victoria Basin 
 
SAREC-SIDA, 
Sweden 
2005-2007 US $ 30,000 10,000 20,000 
Assessing The Effect of Long-
Term Seed Aid in Ethiopia 
 
IDRC 
No cost extension 
2005-2007 US 232,705 66,932 49,420 
Increasing Food Security and 
Rural Incomes in Eastern, Central 
and Southern Africa through 
Genetic Improvement of Bush 
and Climbing Beans 
(African component) 
 
RF 2005-2008 US  254,000 - 62,048 
East and Central Africa Bean 
Research Network –  
ECABREN Phase III 
USAID/ 
REDSO 
2007 
One year  
No- cost 
extension  
 
US 301,000 -  
Supporting improved nutrition, 
food security and community 
empowerment for poverty 
alleviation – PABRA 
 
SDC 2004-2007 
 
US2,165.139 
 
90,000 600,590 
Application of marker assisted 
selection (MAS) for the 
improvement of bean common 
mosaic necrotic virus resistance in 
common bean (P. vulgaris) 
 
USAID/ through  
ASARECA 
Competitive  
Grant System 
2004-2007 US  150,000 147,818 - 
Climbing bean & agroforestry 
interventions 
FARM-AFRICA 
MATF 
2004-2006 UK £59,997 UK £59,997 
 
- 
Supporting improved nutrition, 
food security and community 
empowerment for poverty 
alleviation – PABRA III 
CIDA 2003-2008 
 
 
US5,298.787 155,000 1,269.992 
Assessing The Effect of Long-
Term Seed Aid in Ethiopia 
IDRC 2005-2007 US 232,705 66,932 49,420 
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Title Donor Funding  
period 
Total 
 amount 
Amount to 
Partners 
(US $) 
Available  
in 2006 
(US$) 
Increasing Food Security and Rural 
Incomes in Eastern, Central and 
Southern Africa through Genetic 
Improvement of Bush and 
Climbing Beans 
RF 2005-2008 US  254,000 34,000 83,738 
East and Central Africa Bean 
Research Network 
ASARECA/ 
USAID 
2003-2006 
 
US 319,000 - 239,500 
East and Central Africa Bean 
Research Network – 
ECABREN Phase III 
USAID/ 
REDSO 
2007 
One year  
No- cost 
extension  
US 301,000 -  
Supporting improved nutrition, 
food security and community 
empowerment for poverty 
alleviation – PABRA Phase III 
CIDA 2003-2008 
 
 
US5,298.787 155,000 1,269.992 
Supporting improved nutrition, 
food security and community 
empowerment for poverty 
alleviation – PABRA 
SDC 2004-2007 
 
US2,165.139 90,000 600,590 
Climbing bean & agroforestry 
interventions 
 
FARM-
AFRICA 
MATF 
2004-2006 UK £59,997 UK£59,997 
 
- 
Application of marker assisted 
selection (MAS) for the 
improvement of bean common 
mosaic necrotic virus resistance in 
common bean (Phaseolus vulgaris) 
USAID/ 
through  
ASARECA 
Competitive  
Grant System 
2004-2007 US  150,000 147,818 - 
 
6.2.3  Regional research subprojects under SABRN 
 
6.2.3.1 Financed through PABRA, with funding from CIDA-Canada, and SDC-Switzerland 
 
Activity set 1.1 Value $ Country 
1.1.1 Continue collection, characterization of the African land races for 
agronomic and mineral traits  
500 
500 
500 
500 
500 
Angola 
D R Congo 
Tanzania 
Zambia 
Zimbabwe 
1.1.2. . Conduct participatory variety selection for "fast track" lines in 
ECABREN (Burundi, Rwanda, Uganda, Kenya, Tanzania, Madagascar and 
Ethiopia) and SABRN 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R congo 
Malawi 
Mozambique 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.1.3. Increase seed of promising "fast track" lines for PYT/AYT, for on farm 
testing with partners  
500 
500 
500 
500 
500 
500 
500 
500 
Angola 
D R congo 
Malawi 
Mozambique 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
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1.1.4. Develop segregating populations  for micronutrient  500 
500 
500 
500 
500 
Malawi 
South Afrca 
Tanzania 
Zambia 
Zimbabwe 
Activity set 1.2   
1.2.1 Continue to characterize; generate and evaluate segregating populations for 
resistance to major diseases, low soil fertility, moisture stress and BSM.  
500 
500 
500 
500 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.2.2 Conduct regional evaluations with farmers for low soil fertility-BILFA 
selections 
500 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Malawi 
Mozambique 
Tanzania 
Zambia 
1.2.3 Develop and/or validate screening technique for BSM resistance 2000 Zimbabwe 
1.2.8 Evaluate  F5 and F7 1000  families of derived from crosses and backcrosses with 
Pythium and ALS resistance parents with partners  1000 
1000 
Angola 
Tanzania 
Zambia 
1.2.9 Characterize the diversity of Pythium spp in Malawi, S. Africa & other 
countries 
3000 South Africa 
1.2.12 . Increase seed of drought tolerant materials and test with farmers in target 
areas across the PABRA region. 
1000 Angola 
1.2.14 Develop and test bean materials for adaptation to the humid tropical 
lowlands (below 1000 m). 
500 
500 
Angola 
Malawi 
 
1.2.21 Evaluate F4 500  families of medium-large seeded Andean beans bred for 
drought tolerance (CIAT HQ) 500 
500 
500 
500 
Angola 
D R Congo 
Swaziland 
Zambia 
Zimbabwe 
1.2.23 Selection and test climbing beans adapted to mid-low altitudes (down to 
1200-500 masl) (CIAT-HQ and Africa) 
500 
500 
500 
500 
Angola 
D R congo 
Zambia 
Zimbabwe 
 
Activity set 1.3   
1.3.3 Conduct market chain analyses and identification of market opportunities in 
Madagascar, DRC, Uganda, Rwanda, Burundi and South Ethiopia/northern 
Kenya border {ERI and partners}, also in Zambia, south DRC and Mozambique. 
3000 
3000 
3000 
D R Congo 
Tanzania 
Zambia 
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Activity set 1.4   
1.4.1 Continue to generate and evaluate segregating populations and advanced 
bush and climbing bean lines for priority trait combinations in food, canning and 
export beans 
1000 
1000 
1000 
1000 
1000 
Malawi 
South Africa 
Tanzania 
Zambia 
Zimbabwe 
1.4.2 Continue evaluation and select for tolerance to low soil fertility and root 
rots from new multiple constraint populations of major market classes (red 
mottled, red kidney, small red, large white and navy). 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.4.5 Continue with advanced yield trials of medium altitude climbing/bush/snap 
lines in both networks (ECABREN and SABRN countries) and identify 
candidate lines for release. 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.4.7 Conduct more rapid eco-regional evaluations of best advanced lines and 
nurseries and identify candidate lines in major market classes for release 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.4.8 .  Continue to generate and select from segregating populations of climbing 
bean lines for priority trait combinations and grain types adapted to diverse agro-
ecological zones 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Malawi 
Mozambique 
Tanzania 
Zambia 
1.4.9 Apply participatory variety evaluation (PVS) of promising materials with 
end users especially women, traders, processors and exporters and thereby assess 
their acceptability 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.4.10 . Produce adequate seed of all breeding materials for on-station and on-
farm regional trials including PPB or PVS 
500 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
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500 
500 
500 
500 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.4.15 . Production of breeders and foundation seed to feed adequate amounts 
into seed supply chains, with provision of variety descriptors 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
Activity set 2.1   
2.1.1 Sensitize trainers/extension service providers on participatory approaches 
in developing, learning and dissemination of  IPDM and ISFM  
1000 
1000 
1000 
D R congo 
Malawi 
Tanzania 
2.1.2 Catalyze establishment and use of alternative learning approaches (e.g. 
demonstration plots) IPDM and ISFM technologies  
500 
500 
500 
500 
D R Congo 
Malawi 
Swaziland 
Tanzania 
2.1.3 Conduct analysis and bioassays on botanical pesticides and other farm 
products to determine active ingredient and appropriate application doses: 
[Malawi to collect samples for analysis in at central lab in Kenya] 
500 Malawi 
2.1.5 Conduct uptake studies (socio-economic characterization, dissemination 
and adoption) and assess the economic returns for ISFM and IPDM strategies 
2000 
2000 
Malawi 
Tanzania 
 
2.1.8.  Assess the economic returns for utilization of Tithonia and other green 
manures-DRC and Swaziland 
1000 Swaziland 
Activity set 3   
3.1.1 Continue wide national and regional dissemination of bean-based 
technologies in ECABREN (8 countries), SABRN (7 countries) and CORAF (1 
country) through fostering  nationally-facilitated strategic alliances with a variety 
of partners (NGOs, CBOs) in sustainable seed production 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Malawi 
Mozambique 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
3.1.5 Facilitate production of promotional publications and translations in both 
networks (centrally produced)  
3000 
2000 
2000 
2000 
3000 
2000 
2000 
D R Congo 
Malawi 
Mozambique 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
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3.1.6 Catalyze scaling up of ISFM & IPDM technologies (i.e non-seed 
partnerships); Target areas: Kenya, northern Tanzania, Eastern Congo, Burundi, 
Uganda and Madagascar 
1000 
500 
500 
1000 
500 
500 
D R Congo 
Malawi 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
3.1.7 Organize, train and technically backstop community seed producers to bulk 
seeds 
1000 
1000 
500 
500 
1000 
1000 
Angola 
D R Congo 
Lesotho 
Swaziland 
Zambia 
Zimbabwe 
3.2.2 Analyze the different uptake pathways used (including schools) by the 
various partners in dissemination of technologies in southern Tanzania 
2000 Tanzania 
3.2.3 Support community seed banks in partnership with NGOs, CBOs  500 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Lesotho 
Swaziland 
Zambia 
Zimbabwe 
3.3.1 Post-harvest bean processing products for income generation & food 
diversification, and promote new recipes (Ethiopia, Uganda, Tanzania and 
Malawi).  
2000 
2000 
 
Malawi 
Tanzania 
TOTAL 121500  
 
6.2.3.2 Funded through the legumes crops collaborative research program (CCRP) under 
 McKnight Foundation 
 
Activity Value $ Country 
1.1.1  Identify potential germplasm for on-farm testing 770 Malawi 
 770 Mozambique 
 770 Tanzania 
1.1.2 Multiply germplasm to be used in PVS and on-station yield trials 2343 Malawi 
 2343 Mozambique 
 2343 Tanzania 
1.2.1  Train men and women partners/scientists in PVS (3 countries) 3000 Malawi 
 3000 Mozambique 
 3000 Tanzania 
1.2.2  Strengthen partnerships for carrying out PVS   (multiple sites per country) 2489 Malawi 
 2489 Mozambique 
 2489 Tanzania 
1.3.1. Introduce partner farmer groups to the project & select trial sites 2109 Malawi 
 2109 Mozambique 
 2109 Tanzania 
1.3.2. Package/label seeds  and transport to local sites  2109 Malawi 
 2109 Mozambique 
 2109 Tanzania 
1.3.3. Carry out  PVS & on-station yield trials (multiple sites per country) 4326 Malawi 
 4326 Mozambique 
 4326 Tanzania 
1.3.4  Analyze results to highlight varietal preferences 1650 Malawi 
 1650 Mozambique 
 1650 Tanzania 
2.1.1. Planning meeting with partners involved in seed 770 Malawi 
 770 Mozambique 
 770 Tanzania 
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2.1.2.  Inventory of existing seed systems  diffusion channels and acquisition 
means 
1161 Malawi 
 1161 Mozambique 
 1161 Tanzania 
2.2.1  Bulk up foundation seeds of  client oriented bean varieties 3630 Malawi 
 3630 Mozambique 
 3630 Tanzania 
3.1.1 Introduce the project to all partners: 3 countries 1338 Malawi 
 1338 Mozambique 
 1338 Tanzania 
Total 77082  
 
6.2.4  Regional research for development projects in ECABREN  
Research for Development activities Total amount 
(US$) 
Countries/or institution 
Developing acceptable bean varieties rich in 
protein and micro-nutrients 
54,600 Uganda, Burundi, Madagscar, DRC, Rwanda, 
Sudan 
Characterization of bean accessions and 
micronutrient analysis 
16,800 Ethiopia, DRC, Tanzania, Burundi 
   
Dissemination of bush and climbing bean 
technologies 
5,000 Rwanda 
   
Exploiting genetic diversity of beans to 
address marginal environments 
13,400 Uganda, DRC, Tanzania 
On farm and national performance trials 12,500 Burundi, Kenya 
Evaluation and maintenance of 
BILFA/BIWADA materials   
8,620 DR Congo, Tanzania 
Multiplication and increase of bean seed 8,000 Sudan, DRC 
Production of breeder/ foundation seed 43,140 Burundi, Kenya, Madagascar, Uganda, Univ. 
of Nairobi 
   
Validation and scaling up of developed 
ISFM/IDPM options 
32,000 DRC, Kenya, Madagascar, Tanzania  
   
Enhancing capacity of farmers in grain 
quality for processing 
4,000 Ethiopia 
Organizing stakeholders and scientists 
meetings 
8,850 Kenya, Uganda 
Training in preparation of nutritive and 
income generating bean recipes 
3,500 Burundi 
   
Production and translation  of promotional 
materials and bean materials 
10,715 DR Congo, Kenya, Sudan, SARI-Tanzania, 
SUA-Tanzania  
   
Facilitating technology uptake and scaling up 
through partnerships using PM&E in national 
bean programs 
20,000 DRC, Ethiopia, Kenya, Madagascar & 
Rwanda,  
   
Facilitating NARS information 
communication 
3,400 Uganda, Madagascar, DRC 
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6.3     LIST OF PROJECTS SUBMITTED, PROPOSALS, AND CONCEPT NOTES PREPARED  
 
6.3.1   AT  HEADQUARTERS  
 
Title Donor Comments 
Funding 
period 
Total 
amount 
US 
Obtención y evaluación de Phaseolus vulgaris y 
Zea mays tolerantes a la sequía 
 
CYTED, Spain Approved 
 
4 years 1,000,000 
Development of a handling system of Bemisia 
tabaci in paprika and pepper in the Cauca Valley 
MADR Approved 2008-2011 US$ 65,000 
Improvement of Chitti bean in Iran.  SPII, Iran Iranian 
government 
 
Under 
negotiation 
4 years 240,000 
Integrated soil fertility management in the tropics: 
Realizing the benefits of abiotic stress adapted 
common bean and forage germplasm in smallholder 
crop-livestock systems of Africa, Asia and Latin 
America.  
MOFF of Japan (in review) 
 
 
  
 
 
6.3.2 IN  AFRICA 
 
Title Donor Comments 
 
Funding 
period 
Total  
amount 
US 
Sustainable Community-Based, Farmer-Led Bean 
Seed Enterprises to Reach Communities Not Served 
By the Formal Seed Sector for Improved Income 
and Livelihoods in Uganda.  
NARO-Bean 
Programme Lead 
Proposal Target 
ProAGRA-seed 
systems. 
 
Submitted 
(in support to 
NARS) 
 160,000 
Improving smallholder farmer incomes and 
livelihoods through support towards the 
development of a sustainable community based 
supply and marketing chain of a sugar climbing 
bean variety NABE 12C for the canning industry  
 
ProAGRA  
and DIFD 
Jointly developed 
by NARO- Bean 
Programme, 
North East 
Chillie Producers 
Association 
Limited, ACOS-
International and 
CIAT-PABRA  
 
Submitted 
(in support to 
NARS) 
 523, 288 
Enhancing productivity, nutrition and incomes 
through improved marketable climbing bean and 
biofortified bean varieties 
 
Government of 
Kenya 
In review 2008-2011 $110,000 
Improving Food and Nutrition Security, and 
Incomes of Smallholder Farmers in East and Central 
Africa through increased access to Markets and 
Technology Innovation  
 
Belgium 
Development 
Cooperation 
(BADC) 
Unsuccessful 2008-2011 $3,148,632 
Climbing out from poverty: Realizing the benefits 
from high yield potential of Climbing beans  for  
smallholder farmers in Africa  
 
JIRCA Presented to 
donor in Jan 
2008 
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7.   PROBLEMS ENCOUNTERED AND THEIR SOLUTION   
• Adjustments to financial limitations continued to distract from the basic research agenda 
at all levels of staff. Ex-post rechanneling of funds raised concerns with donors, partners 
and staff, including the use of funds for the newly implemented Research and Technical 
Support.  Negotiations on RTS extended through most of the year, but a viable and more 
coherent system seems to be in place at present.  
 
• CIAT infrastructure is in need of renovation, and its state is beginning to affect the 
effectiveness of research, especially for field research. A project was submitted to the Bill 
and Melinda Gates Foundation that includes funds to renovate planting and irrigation 
equipment, and purchases have initiated. 
 
• The retirement of the team entomologist and the closure of the bean pathologist position 
have left a vacuum with regard to the capacity to write and submit projects for funding for 
these areas, thus the human resources in these sections are underused at present. This is a 
continuing problem to be resolved with CIAT management.  
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8.      STAFF  LIST  (INCLUDING % TIME ASSIGNMENT)  
 
8.1 STAFF AT HEADQUARTERS 
  Stephen Beebe, PhD, Breeder, Geneticist, Project Manager (70% IP-1, 30% SB-2) 
   Matthew Blair, PhD, Germplasm Characterization Specialist, Bean Breeder  
     (70% SB-2, 30% IP-1) 
 *George Mahuku, PhD, Plant Pathologist (80% IP-1, 20% PE-1) 
   Francisco Morales, PhD, Virologist (70% IP-1, 30% PE-1) 
   Idupulapati Rao, PhD, Plant Nutritionist, Physiologist (30% IP-1, 30% IP-5,  
   40% PE-2) 
 
8.2    STAFF IN AFRICA 
  Robin Buruchara, Ph.D., Plant Pathologist/CIAT Africa Coordinator (stationed in Kampala, 
    Uganda - 65% IP-1, 35% PE-1)   
  Rowland Chirwa, Ph.D., Plant Breeder/SABRN Coordinator (stationed in Lilongwe, Malawi  
   100% IP-1) 
 Paul Kimani, Ph.D., Plant Breeder for ECABREN (University of Nairobi/CIAT, stationed 
    in Nairobi, Kenya - 75% IP-1) 
  Rachel Muthoni, B.Sc., MPA, Monitoring and Evaluation Specialist, (stationed in Kampala, 
  Uganda - 50% IP-1, 50% SN3)    
 Jemimah Njuki, Ph.D., ERI Specialist, (stationed in Malawi) – 50% IP-1, 50% PRGA 
Martha Nyang’aya,, M.Sc., Nutrition (stationed in Kampala, Uganda) – 30% IP-1, 70% 
 ATDT 
  Mukishi Pyndji, Ph.D., Plant Pathologist, ECABREN Coordinator (stationed in Arusha,  
   Tanzania - 100% IP-1) 
  Jean Claude Rubyogo, M.Sc.., Seed System Specialist (stationed in Malawi – 100% IP-1) 
  Louise Sperling, Ph.D., Social Scientist, (stationed in Rome, Italy- 80% IP-1, 20% SB-2) 
  
 
9.  SUMMARY 2007 BUDGET PREPARED BY FINANCES:  ACTUAL EXPENDITURES 2007 
Outcome Line SBA-1:  Beans      
      
SOURCE Bean Program Total US$  (%) HQ + LAC Africa URG + Biotech 
   Unrestricted Core 89,298  487,228 576,526 7% 
   Restricted Core C.E + Japan 630,381   630,381 8% 
       
Sub-total Core 719,679 - 487,228 1,206,906 15% 
Restricted       
   Special Projects 660,105 2,892,111 1,599,790 5,152,006 64% 
   Generation Challenge Program   187,290 187,290 2% 
   Harvest Plus 370,019   370,019 5% 
Sub Total Restricted  1,030,125 2,892,111 1,787,080 5,709,315 71% 
Direct Expenditures 1,749,803 2,892,111 2,274,307 6,916,221 86% 
   Non Research Cost 276,421 456,874 359,278 1,092,572 14% 
Total Expenditures 2,026,224 3,348,984 2,633,585 8,008,794 100% 
(1)
 
 Excluding Non Operational expenses: Phase-out and Fixed Assets adjustment. 
 
* Left in 2007 
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Output 1: Improved, small-seeded, bean germplasm resistant to major biotic and  
  abiotic stresses with greater nutritional and market value  
 
Activity 1.1 Developing germplasm tolerant to abiotic stresses of drought and low soil  
  fertility 
 
Highlights: 
• Crosses among drought resistant Mesoamerican lines produced families with 25% better yield 
under intermittent drought than the resistant check, SER 16, and as high as 2811 kg ha-1.  
• Four small seeded lines (SEA 23, RAB 608, SEA 16 and RAB 618) show consistently better 
yield than local checks under drought stress and non-stress conditions over three seasons. 
• Nine new drought tolerant lines show 18-67% yield advantage in stress conditions compared 
with drought susceptible check GLP 585 and drought tolerant check, GLP x 92 in trials 
conducted for three years.  
• Field evaluation of elite lines at Palmira resulted in identification of three lines (SXB 418, 
SER 109 and NCB 280) that were outstanding in their adaptation to drought stress conditions. 
The superior performance of these lines under drought stress was associated with higher 
values of pod harvest index, leaf area index and canopy biomass, and/or lower proportion of 
pod wall biomass. 
• Field evaluation of 33 RILs of the cross DOR 364 x BAT 477 at Palmira resulted in 
identification of two lines (BT 21138-6-1-1, BT 21138-4-1-1) that were superior in their 
adaptation to drought stress conditions. The superior performance of these lines under drought 
stress was associated with higher values of shoot P uptake and lower proportion of pod wall 
biomass indicating the importance of greater mobilization of photosynthates to seed under 
rainfed conditions.  
• Greenhouse evaluation of 16 bean genotypes using soil tube method for root phenotyping 
resulted in identification of three genotypes BAT 477, G 21212 and G 19833 that were 
superior in their root development under intermittent and terminal drought stress conditions. 
• Families derived from intergene pool crosses were tested in three additional seasons under 
conditions of aluminum toxicity. Although no single line was consistently superior to the 
VAX 1 tolerant check, in each season some lines outyielded VAX 1, and sometimes these 
were sister lines.   
• Families derived from interspecific crosses between drought resistant SER 16 and Phaseolus 
coccineus presented far improved vigor under severe aluminum toxicity over the SER 16 
parent.  
• Genotypic differences in Al resistance in common bean were demonstrated not to be 
constitutive but build up during medium-term exposure of the roots to aluminum. 
• Greenhouse evaluation to quantify phenotypic differences among 13 bean genotypes in root 
development and distribution under individual stress of high aluminum resulted in 
identification of two genotypes of Phaseolus coccineus G 35448-9P and G 35157-3Q that 
were superior in their root development.  
• Greenhouse evaluation to quantify phenotypic differences among two advanced lines (BAT 
477 and DOR 364) in root development and distribution under individual and combined stress 
of high aluminum and drought indicated that the line BAT 477 was superior in its root 
development under both individual and combined stress of Al and drought.  
• Several lines presented superior yields over standard checks in conditions of low phosphorus 
availability across four different environments. Some of these proceeded from novel sources 
of low P tolerance, including G 21212 and G 19862. Five such lines were also superior to the 
check under intermittent drought. These represent an advance in the area of multiple abiotic 
stress resistance.  
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1.1.1     Drought resistance 
 
1.1.1.1 Yield potential of drought resistant families under moderate drought stress 
 
Rationale:  Drought continues to be an important yield limitation of beans.  In previous years we 
reported that drought resistant lines presented excellent resistance across environments, including 
phosphorus stressed and favorable environments. The high yield was attributed to a possible 
photosynthate transport trait that would favor yield across both stressed and unstressed conditions. 
Crosses were created among elite drought lines to try to maximize yield response under drought.  The 
present trial was formed to test the yield of F2-derived F4 families.  
 
Materials and Methods: Parental materials were selected based on previous experience with both 
drought and low fertility conditions. SER 119, SER 95, SXB 418 and NCB 229 had all performed 
well under both drought and low phosphorus conditions. SER 125 has done well in Nicaragua under 
both drought and BGYMV attack. Several of these lines have good grain color.  
  
Results and Discussions:    Drought was only moderate in this trial, with Tio Canela registering a 
yield of 2010 kg ha-1
 
 (Table 1). This represents a yield loss of  20 to 30% compared to most 
unstressed trials. Thus this trial reflects more yield potential of the lines, rather than drought response 
per se. In this light, the best line produced   2811 or 25% more than SER 16 and 40% more than Tio 
Canela. Two crosses in particular, produced high yielding lines: SER   95 x SER 119 and SER   88 x 
SER   9. Nine out of the top twelve lines came from these two crosses. These data confirm that 
drought resistant lines perform well under favourable conditions, and suggest that there is still genetic 
variability among drought resistant lines for yield improvement. Evaluation under low soil fertility is 
pending.  
Table 1.   Yield (kg ha-1) of F2-derived F4 families under moderate drought stress in CIAT, Palmira.  
 
Cross code  Parents  Yield (kg ha-1)  
15625-14C-MC  SER   95xSER  119  2811  
15623-7C-MC  SER   88xSER   96  2788  
15623-8C-MC  SER   88xSER   96  2771  
15647-7C-MC  RCB 231xNCB 229  2709  
15625-8C-MC  SER   95xSER  119  2695  
15625-11C-MC  SER   95xSER  119  2662  
15647-10C-MC  RCB 231xNCB 229  2649  
15625-6C-MC  SER   95xSER  119  2639  
15625-9C-MC  SER   95xSER  119  2614  
15614-27C-MC  SER   97xRCB 231  2603  
15623-9C-MC  SER   88xSER   96  2586  
15623-11C-MC  SER   88xSER   96  2579  
15625-5C-MC  SER   95xSER  119  2572  
15634-20C-MC  SXB  418xSER  125  2572  
15647-5C-MC  RCB 231xNCB 229  2568  
15623-4C-MC  SER   88xSER   96  2544  
15614-25C-MC  SER   97xRCB 231  2470  
15634-19C-MC  SXB  418xSER  125  2464  
15625-1C-MC  SER   95xSER  119  2464  
15634-10C-MC  SXB  418xSER  125  2413  
15625-3C-MC  SER   95xSER  119  2400  
15647-3C-MC  RCB 231xNCB 229  2389  
15634-3C-MC  SXB  418xSER  125  2375  
15647-2C-MC  RCB 231xNCB 229  2332  
15647-6C-MC  RCB 231xNCB 229  2330  
15625-10C-MC  SER   95xSER  119  2306  
15644-3C-MC  RCB 267xNCB 229  2266  
15634-13C-MC  SXB  418xSER  125  2263  
SER   16    2254  
Tio Canela    2010  
LSD (0.05)    417  
 
Contributors: S. Beebe, C. Cajiao, M. Grajales and J.B Cuasquer 
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1.1.1.2   Breeding small-seeded drought tolerant bean varieties in eastern Africa 
 
Rationale: Development of drought resistant varieties is one of the most important strategies for 
coping with frequent droughts in bean production areas in east and central Africa.  Drought is 
endemic in large areas of Ethiopia, Kenya, Tanzania, Sudan in eastern Africa and in parts of 
Zimbabwe, Malawi and South Africa in southern Africa. Frequency, intensity and occurrence of 
drought vary considerably in bean growing areas (Amede et al, 2003).  Drought resistant bean 
varieties are particularly important for resource poor small holder farmers who have few other 
alternatives and practical options of reducing adverse impacts of drought stress. Annual bean yield 
losses due to drought are estimated at more than 396,000 Mg per year in east, central and southern 
Africa. Drought is a major constraint to bean production in parts of Kenya, Ethiopia, Tanzania, 
Malawi, south eastern Rwanda, Lesotho and Sudan (Wortmann et al, 1998). Small seeded bean 
varieties are widely grown, traded and consumed in Ethiopia, Kenya, Tanzania, Rwanda, DR Congo 
and Sudan.  Small reds, navy and black are probably the most important market classes in eastern 
Africa. They are sown on an estimated 1,750,000 ha annually in sub-Saharan Africa (Wortmann et al, 
1998) and account for 51% of the area under bush dry grain varieties.  CIAT in partnership with 
national programs and regional networks has been searching for productive small seeded dry bean 
lines for drought prone areas as a way of stabilizing yields and contributing to food security and 
nutrition. Current breeding objectives include development of new bean lines combining drought 
resistance and nutritional quality. Genotypic differences for drought resistance have been reported for 
common bean.  However, limited work has been done to develop drought tolerant bean lines. In this 
report we highlight advances made in selection and evaluation drought tolerant lines under moderate 
to severe stress in eastern Africa. 
 
Materials and Methods: Thirty-six drought tolerant small seeded bean lines including two 
susceptible checks were evaluated for three years at Thika in Kenya. Each year, the trial was laid out 
in 6 x 6 lattice design with three replicates. The 36 genotypes were evaluated in drought stressed and 
non-stressed environments for the three cropping seasons. Each entry was sown on four, 5 m rows. 
Data was recorded from the two inner rows. Entries in non-stressed plots were provided with one to 
two supplemental irrigations. In stressed plots, the entries were grown under natural rainfed 
conditions. Drought intensity index (DII) for each growing season was calculated as DII = 1-Xds/Xns, 
where Xds and Xns are the mean of all genotypes under stress and nonstress conditions. Drought 
susceptibility index (DSI) for grain yield for each genotype was calculated as: DSI= (1- Yds/Yns)/DII, 
where Yds and Yns are the mean yields of a given genotype in drought stress and nonstress 
environments (Terán and Singh, 2002; Fischer and Maurer, 1978). Grain yield values were adjusted to 
14% moisture content. For data analysis, the cropping seasons (environments) and replications were 
considered as random effects, whereas irrigation treatments (stress levels) and genotypes were fixed 
effects. All data was analyzed using Genstat (10ed, 2007) statistical package. Two local cultivars, 
GLP x 92 and GLP 585 were included as checks. GLP x 92 is a medium sized pinto drought tolerant 
variety released in Kenya, Ethiopia and Madagascar (Muigai et al, 1983 as reported by Singh et al, 
1991). GLP 585, a small red variety grown in Kenya, was used as susceptible check. 
 
Results and Discussion: There were significant grain yield differences due to environments, stress 
levels and genotypes (Table 2). Significant environment x stress levels, genotype x stress level, 
genotype x environment interactions were detected. This indicated that performance of the genotypes 
varied with stress level and with environments. Drought intensity was highest during the first short 
rain season (DII = 0.5810) and lowest during the long rain season (DII= 0.3918). Yield reduction due 
to drought was highest during the first short rain season (58%) but remained at 40% during 
subsequent long and short rainy seasons at Thika.  The ten most promising lines under both stress and 
nonstress conditions are shown in Table 2.  SEA 16 and SEA 20 consistently ranked among the top 
five best yielding lines under stress conditions for the three seasons.  RAB 608, RAB 636 and INB 35 
ranked among the top five for two seasons under stress conditions.  However, SEA 23, RAB 608, 
SEA 16 and RAB 618 were the best yielding lines under stress and nonstress environments. These 
four lines out yielded all the checks. Yield advantage of the best nine lines (except Pinto Villa) varied 
from 18 to 66.7% under drought stress conditions compared with the susceptible check GLP 585 and 
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drought tolerant check GLP 92.  SEA 16, INB 38 and INB 35 showed the lowest DSI (Table 2). These 
lines were also the best yielding under drought stress conditions. Drought stress reduced 100-seed 
weight in all lines suggesting that drought adversely affected grain filling. However, reduction of seed 
mass due to drought stress varied with genotypes. INB 38 showed the least reduction in seed size 
under drought stress.  On average drought stress reduced seed-mass by 22.6%. These results indicate 
new possibilities of stabilizing bean yields in drought prone environments in Eastern Africa.  These 
lines can be utilized as sources for drought tolerance in breeding drought tolerant marketable bean 
cultivars 
 
Table 2.  Grain yield (kg ha-1), drought susceptibility index (DSI) and 100-seed mass of drought 
  tolerant lines grown under stress and non-stress conditions over three seasons at Thika, 
  Kenya. 
 
Genotype Grain yield (kg ha-1) DSI 100-seed mass (g) 
 Non stress Stress  Non stress Stress 
RAB 608 1548 634 1.19 24.9 21.6 
SEA 23 1786 625 1.31 23.0 20.8 
RAB 636 979 586 0.89 31.8 26.7 
SEA 16 1316 822 0.72 21.9 18.7 
RAB 618 1261 655 0.86 23.8 20.7 
Pinto Villa 1361 436 1.51 31.8 28.2 
SEA 20 1187 673 0.93 23.3 20.5 
INB 38 1086 705 0.69 17.9 17.8 
INB 35 1125 737 0.75 18.8 16.7 
INB 39 1092 584 0.91 21.9 18.3 
      
Checks      
Tio Canela 1177 579 1.12 18.5 15.2 
SEA 5 1229 476 1.29 25.0 20.0 
GLP x 92 891 487 1.01 32.4 30.0 
GLP 585 1013 493 1.18 21.7 18.3 
Trial mean 1139 604  23.8 19.4 
      
Reps/Environments      
Environments (E) **     
Stress levels (S) **     
Genotypes (G) *     
E x S NS     
G x E **     
G x S **     
G x E x S **     
Residual      
*, **: Significant at 5 and 1% probability levels, respectively; NS= not significant 
 
References: 
Amede, T., P.M. Kimani, W. Ronno, L. Lubanga and N. Mbikayi. 2004. Coping with Drought: 
Strategies to improve genetic adaptation of common bean in drought prone areas of Africa.  
CIAT Occasional Publication Series No. 38. CIAT, Cali, Colombia. 
Fischer, R.A. and R. Muarer. 1978. Drought resistance in spring wheat cultivars. I. Grain yield 
responses. Austr. J. Agric Res. 29:897-912.  
Teran, H and S.P. Singh. 2002. Comparison of sources and lines selected for drought resistance in 
common bean. Crop Science 42: 64-70. 
Wortmann, C.S., R.A. Kirkby, C.A. Eledu and D.J. Allan.1998. Atlas of common bean (Phaseolus 
vulgaris L.) production in Africa. CIAT, Cali, Colombia. 
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1.1.1.3  Physiological evaluation of drought resistance in elite lines under field conditions 
 
Rationale: Development of drought adapted bean varieties is an important strategy to minimize crop 
failure and improve food security in bean growing regions. Previous research indicated that the 
superior performance of common bean genotypes under drought was associated with their ability to 
mobilize photosynthates to developing grain and to utilize the acquired N and P more efficiently for 
grain production. Among the plant traits evaluated, higher values of pod harvest index and lower 
values of podwall biomass proportion were identified as useful traits to consider in the breeding 
program in addition to grain yield for identifying bean genotypes that are better adapted to drought. 
We evaluated drought adaptation of elite lines from the on-going breeding program on improving 
drought resistance to quantify phenotypic differences in drought resistance under field conditions and 
to define the physiological basis for improved drought adaptation.  
 
Materials and Methods: A field trial was conducted at Palmira in 2006 (June to September). The 
trial included 20 genotypes (SER 47, SER 78, SER 109, SER 118, SER 119, SER 125, SER 128, SXB 
405, SXB 409, SXB 412, SXB 418, NCB 226, NCB 280, RCB 273, ‘Tio Canela 75’, ‘Carioca’, SER 
16, SEA 5, ‘Perola’ and DOR 390) to determine genotypic differences in tolerance to drought stress 
conditions. A 4 x 5 partially balanced lattice design with 3 replicates was used. Two levels of water 
supply (irrigated and rainfed) were applied. For the irrigated treatment, a total of 5 gravity irrigations 
(approximately 35 mm each) were applied while for the rainfed treatment only 3 irrigations were 
applied to assure good crop establishment. Details on planting and management of the trial were 
similar to those reported before. Experimental units consisted of 2 rows, 3.72 m long by 0.6 m wide. 
A number of plant attributes were measured at mid-podfilling under rainfed conditions in order to 
determine genotypic variation in drought resistance. These plant traits included leaf chlorophyll 
content (SPAD), canopy temperature, leaf area index, canopy dry weight per plant, shoot nutrient (N, 
P) uptake, shoot and seed ash content; and shoot and seed TNC (total nonstructural carbohydrates).  
 
Canopy temperature was measured with a Telatemp model AG-42D infrared thermometer. The 
instrument was held at a 45o angle at 50 cm from the canopy surface, to measure canopy temperature 
and difference between canopy temperature and ambient temperature. Total carbon and nitrogen and 
carbon and nitrogen isotope ratios (δ 13C and δ 15N) were measured on the isotope ratio mass 
spectrometer (University of California, Davis, USA). At the time of harvest, grain yield and yield 
components (number of pods per plant, number of seeds per pod, and 100 seed weight) were 
determined. Stem biomass reduction (mobilization of photosynthate reserves) was determined based 
on difference in stem dry weight at harvest from the stem dry weight at mid-pod filling. Pod harvest 
index (dry wt of pods/dry wt of total biomass at mid-podfill x 100) and grain filling index (100 seed 
weight of rainfed/100 seed weight of irrigated) were also determined. Drought intensity index (DII) 
was calculated as DII = 1 – Xds/Xns, where Xds and Xns are the mean of all genotypes under drought 
stress (ds) and no stress (ns) treatments, respectively. Drought susceptibility index (DSI) for each 
genotype was calculated as follows: DSI = (1 – Yds/Yns)/DII, where Yds and Yns are mean yields of a 
given genotype in drought stress and nonstress environments, respectively.  
 
Four genotypes (SEA 5, Tio Canela 75, SER 16 and DOR 390) were selected to determine differences 
in root growth and distribution across soil depth. Root samples were taken at 56 days after planting at 
both levels of water supply. Samples were taken at 5 soil depths (0-5, 5-10, 10-20, 20-40 and 40-60 
cm), using a 5 cm diameter soil corer. Five soil cores were taken, three cores between rows and two 
within rows. To facilitate washing, samples were first soaked for 30 minutes in 5% sodium 
hexametaphosphate solution. Soil and roots were separated by hand washing, cleaning and scanning. 
Root length and root diameter were determined by image analysis system (WinRHIZO V. 2003b). 
Differences in rooting among four lines were estimated by using a model of vertical root distribution 
developed by Gale and Grigal (1987: Can. J. For. Res. 17, 829-834), which is based on the following 
asymptotic equation: 
Y= 1-ßd 
Where Y= the cumulative root biomass or root length fraction (a proportion between 0 and 1) from 
the soil surface to depth d (cm), and ß= the fitted “extinction coefficient”. ß is the only parameter 
 6 
estimated in the model. It provides a simple numerical index of the root biomass or root length 
distribution, where high ß values (e.g., 0.98) correspond to a greater proportion of root biomass or 
root length at greater depth and low ß values (e.g., 0.91) imply a greater proportion of root biomass or 
root length near to soil surface. 
 
Results and Discussion:  
 
Palmira – Soil, temperature, rainfall and evaporation: The soil is a Mollisol (Aquic Hapludoll) with no 
major fertility problems (pH = 7.7), and is estimated to permit storage of 130 mm of available water 
(assuming 1.0 m of effective root growth with –0.03 MPa and –1.5 MPa as upper and lower limits for 
soil matric potential). During the crop-growing season, maximum and minimum air temperatures 
were 34.2 and 16 °C (Figure 1). The incident solar radiation ranged from 9.2 to 23.9 MJ m-2 d-1. The 
total rainfall during the active crop growth was 33.2 mm. The potential pan evaporation was of 410.7 
mm. These data on total rainfall and pan evaporation together with rainfall distribution indicated that 
the crop suffered significant terminal drought stress during active growth and development. The mean 
yield under rainfed conditions was 1876 kg ha-1 compared with the mean irrigated yield of 2940 kg 
ha-1 (Figure 2).  
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Figure 1.  Rainfall distribution, pan evaporation, maximum and minimum temperatures during crop 
 growing period at Palmira in 2006. 
 
 
Under drought stress conditions in the field, the seed yield of 20 genotypes ranged from 1320 to 2317 
kg ha-1. Among the lines tested, three lines SXB 418, SER 109 and NCB 280 were outstanding in 
their adaptation to rainfed (drought stress) conditions. The line SXB 418 was also responsive to 
irrigation (Figure 2). Among the 20 lines tested, the cultivars Tio Canela 75, Perola and Carioca were 
the most poorly adapted lines under rainfed conditions based on the values of relative yield reduction 
(Table 3). 
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Figure 2. Identification of genotypes that are adapted to rainfed conditions and are responsive to 
irrigation in a Mollisol at Palmira. Genotypes that yielded superior with drought and were 
also responsive to irrigation were identified in the upper, right hand quadrant.  
 
 
Under rainfed conditions, significant genotypic differences were observed in canopy biomass 
production at mid-pod filling growth stage (Figure 3). Line SXB 418 showed greater vigor than the 
rest of the lines, however this line showed lower value of pod harvest index indicating a limitation on 
mobilization of photosynthates to pod development. Two lines, SER 109 and NCB 280 with moderate 
values of canopy biomass (Figure 3) yielded well under rainfed conditions due to greater ability to 
partition photosynthetically assimilated carbon to pods as reflected by higher values of pod harvest 
index (Figure 4). Among the 20 genotypes evaluated, Perola and Carioca presented the lower values 
of canopy biomass vigor and grain yield (Figure 3). 
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Figure 3.  Identification of genotypes that combine superior seed yield with superior canopy 
biomass (vigor) under rainfed conditions in a Mollisol at Palmira. Genotypes with greater 
vigor and seed yield were identified in the upper, right hand quadrant.  
 
 
Results on the relationship between rainfed pod harvest index (PHI) and rainfed grain yield indicated 
that SER 109, NCB 280, SER 78 and SER 119 were superior in mobilizing photosynthates to pods 
(Figure 4, Table 3). The PHI value of Perola was markedly lower than that of other bean genotypes. 
The genotypes (Carioca and Tio Canela 75) were not good in their ability to mobilize photosynthates 
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to pods. Results on the relationship between rainfed podwall biomass proportion and rainfed grain 
yield indicated that SER 109, NCB 280 and SER 118 were superior in mobilizing photosynthates 
from podwall to seeds (Figure 5, Table 3).  The two genotypes (Perola and Tio Canela 75) that 
showed lower values of PHI were also poor in their ability to mobilize photosynthates from podwall 
to seeds. The superior performance of lines SXB 418, SER 109, NCB 280 and SER 119 was 
associated with lower levels of seed N, greater values of pod harvest index, higher values of stem 
biomass reduction (Figure 6) and/or lower proportion of podwall biomass (Table 3). Higher stem 
biomass reduction values indicate higher photosynthate mobilization from the stem to other plant 
structures such as pods. 
 
 
Table 3.   Influence of drought stress on podwall biomass proportion, pod harvest index, stem 
biomass reduction, drought susceptibly index (DSI) and relative yield reduction (RYR, 
using irrigated yield as control) for 20 genotypes evaluated in a Mollisol at Palmira.  
 
 
Genotype 
Podwall biomass 
proportion (%) 
Pod Harvest Index 
(%) 
Stem biomass 
reduction (%) 
 
DSI 
 
RYR 
Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed 
SER 47 34 42 53 28 13 -2 0.89 0.32 
SER 78 31 37 62 45 26 21 1.16 0.42 
SER 109 32 31 68 46 6 24 0.45 0.16 
SER 118 24 25 52 28 42 27 0.93 0.34 
SER 119 31 36 60 35 1 30 0.12 0.04 
SER 125 28 33 58 36 -7 21 0.76 0.27 
SER 128 27 33 60 35 27 39 0.83 0.30 
SXB 405 30 33 46 20 47 25 0.91 0.33 
SXB 409 25 27 41 22 34 32 1.08 0.39 
SXB 412 30 35 49 25 30 10 1.29 0.47 
SXB 418 36 39 52 22 48 28 0.87 0.31 
NCB 226 25 28 56 36 26 -10 0.87 0.32 
NCB 280 26 29 66 42 37 20 0.45 0.16 
RCB 273 29 36 57 34 23 14 0.74 0.27 
Tio Canela 31 42 41 26 19 -22 1.30 0.47 
Carioca 25 31 40 28 12 17 1.45 0.52 
SER 16 27 33 59 37 10 32 -0.12 -0.04 
SEA 5 33 38 58 35 -50 -8 0.67 0.24 
Perola 28 39 33 9 28 -17 1.46 0.53 
DOR 390 34 34 40 29 45 13 1.37 0.49 
Mean 29 34 53 31 21 15 0.87 0.32 
LSD0.05 6 9 8 16 55 NS NS 0.30 
 
DSI: Drought Susceptibility Index; RYR: Relative Yield Reduction.  
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Figure 4.  Identification of genotypes that combine superior seed yield with superior pod harvest 
 index under rainfed conditions in a Mollisol at Palmira. Genotypes with greater pod 
 harvest index and seed yield were identified in the upper, right hand quadrant.  
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Figure 5.  Identification of genotypes that combine superior seed yield with lower pod wall biomass 
 proportion when grown under rainfed conditions in a Mollisol at Palmira. Genotypes that 
 were superior in grain yield and lower podwall biomass were identified in the upper, left 
 hand quadrant.  
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Figure 6. Identification of genotypes that combine superior seed yield with higher stem biomass 
reduction at harvest when grown under rainfed conditions in a Mollisol at Palmira; 
Genotypes with greater seed yield and higher stem biomass reduction were identified in the 
upper, right hand quadrant.  
 
Since a major role of transpiration is leaf cooling, canopy temperature depression (CTD) relative to 
ambient air temperature is an indication of the ability of transpiration to cool the leaves under a 
demanding environmental load. Relatively lower canopy temperature under drought stress could 
indicate a relatively better capacity for taking up soil moisture and for maintaining a relatively better 
plant water status. But CTD can be a poor indicator of resistance to drought if grain yield is highly 
dependent on limited amounts of soil-stored water. Relationship between CTD (canopy and ambient 
temperature difference at 1 pm) with rainfed grain yield indicated that the lines NCB 280 and SER 
109 showed lower CTD values, indicating decrease in stomatal opening for conserving water under 
drought stress (Figure 7). We speculate that the lines with lower values of CTD could be more 
efficient in water use because of lower transpiration rates and higher grain yield. Further work is 
needed to test this hypothesis. Four genotypes, Perola, Carioca, SEA 5 and Tio Canela showed higher 
values of CTD that indicate greater rates of transpirational water loss. However SEA 5 combined 
higher values of CTD with higher grain yield under rainfed conditions while the other three genotypes 
yielded less. Thus it is important to identify which genotypes are resisting drought by combining 
mechanisms such as photosynthate mobilization with efficient water use (e.g., NCB 280, SER 109), 
and which genotypes are using deeper roots to maintain higher values of CTD as a survival 
mechanism under drought (e.g., Perola, Carioca and Tio Canela). Genotypes such as SEA 5 may be 
considered intermediate in their response.  
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Figure 7.  Identification of genotypes that combine superior seed yield with lower values of canopy 
temperature depression (CTD) when grown under rainfed conditions in a Mollisol at 
Palmira; Genotypes with greater seed yield and less differences were identified in the 
upper, right hand quadrant.  
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The effects of drought on leaf C and N content, C/N ratio and carbon and nitrogen isotope 
discrimination are shown in Table 4. The mean values of leaf C and N contents were higher under 
rainfed conditions than the irrigated conditions indicating the effect of drought stress on mobilization 
of C and N from leaves to developing pods. The mean value of C/N ratio of leaves under rainfed 
conditions was less due to lesser mobilization of N than C from leaves. The less adapted genotypes 
such as Tio Canela and DOR 390 showed the tendency to accumulate carbon in the leaves under 
rainfed conditions while better adapted lines such as SER 16 seem to have only slightly higher values 
compared to irrigated control. It is shown that isotopic discrimination between 13C and 12C (Δ) in 
leaves that occurs in CO2 fixation in plants such as beans with the C3 photosynthetic pathway was 
related to whole plant water use efficiency (WUE) and that tissue value of Δ13C  provides a long-term 
estimate of WUE. Based on these theoretical considerations, genotypes with lower values of Δ13C 
should have higher WUE under field conditions. As expected the mean value of Δ was lower under 
rainfed conditions than the irrigated conditions. Under rainfed conditions, three lines SXB 405, SER 
119 and SER 16 showed lower values of Δ13C indicating greater WUE. SER 16 also showed lower 
value of Δ13C in irrigated conditions also indicating that this line may be more efficient than other 
lines in using water for producing grain. Further work is needed to test the relationships between Δ13C 
and WUE in common bean. Assuming that there was no significant spatial variability for 15N natural 
abundance in the field, the values of δ 15N showed significant genotypic variation in both irrigated and 
rainfed conditions. The lower values under irrigated conditions indicate greater contribution from N2 
fixation when water is not limiting the plant growth. The higher values under rainfed conditions 
indicate that the process of N2 fixation was very sensitive to soil drying. Two genotypes, SEA 5 and 
SER 119 showed higher values of δ 15N under rainfed conditions. In general, the lower values indicate 
greater ability to fix nitrogen from the atmosphere. Under rainfed conditions, SER 125 was 
outstanding in its ability to acquire N from the atmosphere. 
 
 
Table 4. Influence of drought stress on leaf C and N content, C/N ration and carbon and nitrogen 
 isotope discrimination of 20 genotypes evaluated at mid-pod filling in a Mollisol at 
 Palmira.  
Genotype Leaf C content 
(%) 
Leaf N content 
(%) 
Leaf C/N ratio Δ 13C  (‰) δ  15N (‰) 
Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed 
SER 47 37.0 39.6 2.0 2.8 18.5 15.4 22.3 20.5 -0.9 2.2 
SER 78 36.9 39.8 1.8 2.5 20.6 16.2 21.9 20.5 0.6 3.4 
SER 109 38.6 40.8 2.0 2.8 16.5 14.4 22.3 20.8 1.6 2.6 
SER 118 37.5 39.3 2.6 2.7 15.8 15.4 21.9 20.9 0.3 3.0 
SER 119 38.7 39.6 2.7 2.2 16.4 16.3 22.3 20.0 -0.7 4.6 
SER 125 38.5 40.3 2.2 2.3 17.4 17.8 22.0 20.2 -0.6 1.5 
SER 128 38.1 39.9 2.5 2.2 16.9 17.7 22.1 21.0 0.2 3.1 
SXB 405 38.6 39.5 2.6 3.1 16.6 12.9 22.0 19.8 0.3 2.9 
SXB 409 39.7 40.9 2.7 3.6 13.5 11.5 21.5 20.2 -0.9 2.7 
SXB 412 38.5 40.0 2.3 2.9 17.6 14.0 22.3 20.1 -0.9 3.8 
SXB 418 39.4 40.5 1.9 2.9 20.3 13.8 22.5 20.6 -0.5 2.9 
NCB 226 39.5 40.2 2.2 2.7 15.3 14.1 22.0 20.5 -1.1 1.7 
NCB 280 38.1 40.8 2.3 2.3 15.3 16.0 22.7 20.7 -0.5 3.1 
RCB 273 38.9 41.1 2.4 2.6 16.0 15.7 22.5 20.2 -0.8 2.9 
Tio Canela 38.7 40.0 2.6 3.1 15.5 13.0 22.3 20.4 0.3 3.2 
Carioca 39.8 41.1 3.0 3.3 13.4 12.4 21.6 20.1 -1.4 3.2 
SER 16 39.5 40.4 1.7 3.5 19.6 13.6 20.9 19.9 -0.8 3.9 
SEA 5 37.9 39.2 3.2 2.7 13.7 15.3 22.7 21.1 -0.6 4.9 
Perola 39.4 40.6 2.6 3.4 15.6 12.8 21.4 20.3 0.8 3.5 
DOR 390 38.6 41.0 2.2 3.3 17.5 13.5 21.9 20.4 -1.0 3.1 
Mean 38.6 40.2 2.4 2.9 16.6 14.6 22.1 20.4 -0.3 3.1 
LSD0.05 1.4 1.0 0.3 0.3 2.9 2.8 0.6 1.0 0.4 0.7 
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Results on nutrient uptake showed a highly significant correlation between grain yield and pod N and 
P uptake at mid-pod filling (Tables 5 and 6). The line SER 109 had greater values of pod N and P 
uptake. The lines that were less productive under rainfed conditions, Carioca and Perola, showed 
lower values of N and P uptake in pods and also other plant organs. 
 
Table 5.   Influence of drought stress on seed N content and leaf, stem, pod and shoot N uptake on 20 
 genotypes evaluated in a Mollisol at Palmira at mid-pod filling.  
Genotype Seed N content 
(%) 
Leaf N uptake 
(kg ha-1) 
Stem N uptake 
(kg ha-1) 
Pod N uptake  
(kg ha-1) 
Shoot N 
uptake(kg ha-1) 
Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed 
SER 47 3.4 3.8 16 30 7 10 55 26 79 66 
SER 78 3.0 3.5 13 24 6 10 63 55 82 89 
SER 109 3.0 3.5 21 23 6 7 71 42 99 72 
SER 118 2.7 3.1 19 26 8 11 58 23 85 60 
SER 119 3.2 3.4 20 30 6 8 68 30 93 68 
SER 125 3.3 3.5 30 28 8 9 76 41 113 78 
SER 128 3.3 3.7 21 29 8 9 96 40 124 78 
SXB 405 3.2 3.8 26 41 11 16 65 22 103 80 
SXB 409 2.8 3.5 27 35 13 13 45 18 84 66 
SXB 412 3.0 3.5 16 30 8 10 52 25 76 65 
SXB 418 3.1 3.3 25 49 8 15 73 25 107 90 
NCB 226 2.8 3.1 24 33 7 9 63 36 94 78 
NCB 280 2.9 3.4 19 23 5 9 76 44 102 76 
RCB 273 3.2 3.5 24 23 8 7 79 27 110 56 
Tio Canela 3.3 3.5 19 37 6 12 27 27 52 76 
Carioca 2.8 3.4 27 29 9 9 26 22 62 61 
SER 16 3.1 3.4 15 28 5 7 81 36 102 72 
SEA 5 3.5 3.8 31 27 8 8 67 32 106 67 
Perola 3.1 3.8 27 35 11 13 33 11 72 59 
DOR 390 2.9 3.4 25 26 10 10 46 24 81 60 
Mean 3.1 3.5 22 30 8 10 61 30 91 71 
LSD0.05 0.5 0.5 13 15 6 6 40 24 52 32 
 
 
Table 6.  Influence of drought stress on seed P content and leaf, stem, pod and shoot N uptake on 20 elite 
 lines evaluated in a Mollisol at Palmira. Grain yield under irrigated conditions is presented as 
 control.  
 
Genotype 
Seed P content   
(%) 
Leaf P uptake 
(kg ha-1) 
Stem P uptake 
(kg ha-1) 
Pod P uptake  
(kg ha-1) 
Shoot P uptake 
(kg ha-1) 
Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed 
SER 47 0.63 0.56 2.0 2.7 1.7 1.9 7.5 3.5 11.2 8.1 
SER 78 0.61 0.52 1.4 1.8 1.0 1.9 7.6 7.7 10.1 11.4 
SER 109 0.56 0.53 2.1 1.6 1.4 1.3 11.9 5.9 15.4 8.8 
SER 118 0.55 0.47 2.6 1.7 2.5 1.9 9.8 3.4 14.9 7.1 
SER 119 0.59 0.44 2.4 2.1 1.4 1.5 11.2 4.1 15.0 7.8 
SER 125 0.59 0.56 3.2 2.0 1.6 1.4 14.1 5.1 18.8 8.5 
SER 128 0.60 0.55 2.2 2.3 1.5 1.5 15.6 4.9 19.0 8.6 
SXB 405 0.63 0.60 2.8 2.9 2.4 3.2 11.5 2.5 16.8 8.6 
SXB 409 0.55 0.50 3.1 2.9 2.1 2.6 8.1 2.7 13.3 8.2 
SXB 412 0.64 0.56 2.8 2.2 2.1 2.0 9.5 3.3 14.2 7.5 
SXB 418 0.61 0.53 2.5 3.6 2.0 2.5 10.1 3.7 14.7 9.8 
NCB 226 0.56 0.49 2.7 2.7 1.6 2.3 11.1 6.0 15.5 11.0 
NCB 280 0.61 0.57 1.5 1.7 0.9 1.8 9.6 6.2 12.4 9.6 
RCB 273 0.63 0.56 2.8 1.6 1.6 1.3 11.6 3.6 15.8 6.5 
Tio Canela 0.59 0.57 2.2 3.0 2.2 2.3 5.3 3.7 9.6 9.1 
Carioca 0.53 0.48 2.8 2.3 2.0 1.3 5.5 3.0 10.0 6.6 
SER 16 0.59 0.58 1.5 1.9 0.8 1.2 7.2 4.5 9.5 7.5 
SEA 5 0.69 0.58 3.0 1.6 1.3 1.1 12.7 3.8 17.0 6.4 
Perola 0.56 0.52 3.4 2.6 2.4 2.0 6.0 1.4 11.7 6.0 
DOR 390 0.64 0.45 3.2 1.8 2.7 2.1 7.8 3.3 14.0 7.2 
Mean 0.60 0.53 2.5 2.3 1.8 1.9 9.7 4.1 13.9 8.2 
LSD0.05 0.11 0.15 1.3 1.3 1.2 1.1 6.5 3.9 8.0 4.6 
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Correlation coefficients between final grain yield and other shoot attributes under rainfed conditions 
indicated that greater seed yield was positively related to pod harvest index, stem biomass reduction, 
canopy temperature and CTD at 1 p.m., pod N uptake, shoot N uptake, pod P uptake and shoot P 
uptake (Table 7). Leaf area index was also positively associated with seed yield. As expected, leaf 
Δ13
 
C values were negatively correlated with seed yield under both rainfed and irrigated conditions but 
the correlations were not significant. This may be because of several factors such as the efficiency of 
the root system, leaf movements, stomatal control and photosynthetic capacity. Significant negative 
relationship was observed between seed yield and podwall biomass proportion, and seed N content 
under rainfed conditions. This observation indicates that the superior performers mobilized greater 
amounts of photosynthates to seed per unit amount of P and N in the seed. Thus the genotypes that 
mobilized a greater proportion of photosynthates from pod wall to seed performed better under 
rainfed conditions (Figure 5). 
Table 7.  Correlation coefficients (r) between final grain yield (kg/ha) and other plant attributes 
 of 20 genotypes of common bean grown under rainfed conditions in a Mollisol in 
 Palmira. 
Plant traits Irrigated Rainfed 
Leaf area index (m2/m2) 0.48*** 0.31* 
Total chlorophyll content (SPAD) -0.087 -0.20 
Seed N content (%) -0.025 -0.26* 
Leaf N uptake (kg ha-1) 0.55*** 0.01 
Stem N uptake (kg ha-1) 0.54*** -0.08 
Pod N uptake (kg ha-1) 0.13 0.38** 
Shoot N uptake (kg ha-1) 0.31* 0.35** 
Seed P content (%) -0.20 0.08 
Leaf P uptake (kg ha-1) 0.41** -0.06 
Stem P uptake (kg ha-1) 0.47*** 0.03 
Pod P uptake (kg ha-1) 0.27* 0.34** 
Shoot P uptake (kg ha-1) 0.38* 0.30* 
Leaf N content (%) 0.30* -0.36** 
Leaf C content (%) -0.18 -0.28* 
Leaf  Δ13C  -0.13 -0.21 
Pod harvest index (%) -0.23 0.42*** 
Harvest index (%) 0.13 -0.17 
Podwall biomass proportion (%) -0.18 -0.28* 
Stem biomass reduction (%) 0.20 0.33** 
Drought susceptibility index  -0.55** 
Relative yield reduction  -0.55** 
Canopy temperature at 8 a.m. oC  0.01 
CTD at 8 a.m. oC  0.006 
Canopy temperature at 1 p.m. oC  0.32* 
CTD at 1 p.m. oC  0.32* 
*, **, *** Significant at the 0.05, 0.01 and 0.001 probability levels, respectively. 
 
 
Results of the 4 genotypes evaluated for root attributes observed under drought conditions a 
significantly negative correlation between root production and grain yield. Under irrigation conditions 
it was not observed any clear tendency. Among the 4 genotypes evaluated Tio Canela 75 (Figure 8) 
presented the higher total root production in terms of length while SER 16 presented the lowest 
production. 
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Figure 8.  Relationships between seed yield and root length when grown under rainfed and irrigated 
 conditions in a Mollisol at Palmira.  
 
Mean soil moisture in pod filling did not show significant differences among varieties, however under 
rainfed conditions in soil layers of 20-40 and 40-60 cm, Tio Canela 75 presented higher values of 
water in soil (Figure 9), while the line SER 16 presented a higher water absorption in the first 
centimeters of soil under drought conditions. 
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Figure 9.  Mean soil moisture (volumetric) content in soil profile at 56 days after planting under 
 rainfed and irrigated conditions in a Mollisol – Palmira among 4 genotypes of bean.  
 
 
 
Results on root distribution through soil profile showed that the lines DOR 390 and Tio Canela 75 had 
developed deeper root system as revealed by the length and biomass of roots at 40-60 cm soil depth 
(Figure 10). By comparing the root distribution data with CTD values, genotypes such as DOR 390 
and Tio Canela 75 used deeper roots to cool the leaves, i.e., higher CTD values probably due to higher 
rates of transpiration. But lines such as SER 16 presented relatively less amount of roots and lower 
values of CTD with higher grain yield under drought conditions compared with the other 3 genotypes. 
These results indicate that SER 16 was more water use efficient than DOR 390 and Tio Canela 75 due 
to its greater ability to mobilize photosynthates to grain. Further work is needed to verify these 
observations.    
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Figure 10.  Differences in root length, root biomass and specific root length distribution by soil 
depth among four bean genotypes. Total or mean values across soil depth are indicated 
for control and stress treatments. 
 
 
Differences in ß values for cumulative root length or root biomass were not marked. Under rainfed 
conditions the genotypes Tio Canela and DOR 390 presented higher values of ß than the other 2 
genotypes (Figures 11 and 12) indicating greater proportion of root biomass or root length at depth, 
while under irrigation conditions SEA 5 showed the highest proportion of root biomass or root length 
at greater depth. 
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Figure 11.  Vertical root length distribution (cumulative proportion) for four bean genotypes as a 
 function of ß in the Gale and Grigal (1987) model.  
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Figure 12. Vertical root biomass distribution (cumulative proportion) for four bean genotypes as a 
 function of ß in the Gale and Grigal (1987) model.  
 
Conclusions: Field evaluation of elite lines at Palmira resulted in identification of three lines (SXB 
418, SER 109 and NCB 280) that were outstanding in their adaptation to drought stress conditions. 
The superior performance of these lines under drought stress was associated with higher values of pod 
harvest index, leaf area index and canopy biomass, and/or lower proportion of pod wall biomass. 
Correlation coefficients between grain yield and shoot attributes under rainfed conditions indicated 
that seed yield was positively related to pod harvest index, stem biomass reduction, pod N uptake, 
shoot N uptake, pod P uptake and shoot P uptake, leaf area index, canopy temperature and canopy 
temperature depression (CTD: canopy temperature - ambient temperature) at 1 p.m. Since CTD is a 
negative value, a positive correlation with yield implies that more negative values of CTD (i.e., more 
canopy cooling) correspond to low yield. CTD is an indication of the ability of transpiration to cool 
the leaves under a demanding environmental load, such that more negative values of CTD should be 
an indicator of the ability to access more soil moisture. Four genotypes, Perola, Carioca, SEA 5 and 
Tio Canela showed more negative values of CTD, but three of these genotypes were poor yielding. 
This was corroborated by studies of root distribution of 4 genotypes through the soil profile, 
indicating a negative correlation between root production and grain yield. In contrast, lines such as 
drought resistant SER 16 presented relatively less amount of roots and less negative CTD with higher 
grain yield compared with the other 3 genotypes. These results indicate that SER 16 was more water 
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use efficient than DOR 390 and Tio Canela 75 due to its greater ability to mobilize photosynthates to 
grain. It appears that greater rooting depth and access to moisture alone will not assure good yield 
under drought. Further work is needed to verify these observations. 
 
Contributors:  J. Polanía, M.A. Grajales, C. Cajiao, R. García, J. Ricaurte, M. P. Hurtado, 
 S. Beebe and I. M. Rao 
 
 
 
1.1.1.4   Physiological evaluation of drought resistance in recombinant inbred lines (RILs)  of 
 DOR 364 x BAT 477 under field conditions 
 
Rationale: The bred line BAT 477 is very well adapted to drought while DOR 364 is a commercial 
variety in Central America. In 2005, we evaluated drought adaptation of 33 RILs of the cross DOR 
364 x BAT 477 to obtain phenotypic data for eventual gene tagging for drought resistance. We 
repeated this trial in 2006. 
 
Materials and Methods: A field trial was conducted at Palmira in 2006 (June to September). The 
trial included 97 RILs of DOR 364 x BAT 477 along with 1 check (SEA 5) and 2 parents (DOR 364, 
BAT 477) but only 33 RILs were selected to determine genotypic differences in tolerance to water 
stress conditions. A 6 x 6 partially balanced lattice design with 3 replicates was used. Two levels of 
water supply (irrigated and rainfed) were applied. For the irrigated treatment, a total of 5 gravity 
irrigations were applied while for the rainfed treatment only 3 irrigations (35 mm each) were applied 
to assure good crop establishment. Details on planting and management of the trial were similar to 
those reported before. Experimental units consisted of 2 rows, 3.72 m long by 0.6 m wide. A number 
of plant attributes were measured at mid-podfilling under rainfed conditions in order to determine 
genotypic variation in drought resistance. These plant traits included leaf chlorophyll content (SPAD), 
leaf area index; canopy dry weight per plant; shoot nutrient (N, P) uptake; shoot and seed ash content; 
and shoot and seed TNC (total nonstructural carbohydrates). At the time of harvest, grain yield and 
yield components (number of pods per plant, number of seeds per pod, and 100 seed weight) were 
determined. Seed P, ash content and TNC (total nonstructural carbohydrates) were also measured. Pod 
harvest index (dry wt of pods/dry wt of total biomass at mid-podfill x 100) and grain filling index 
(100 seed weight of rainfed/100 seed weight of irrigated) were also determined. Grain yield was also 
measured under irrigated conditions. Canopy temperature was measured with a Telatemp model AG-
42D infrared thermometer. The instrument was held at a 45o angle at 50 cm from the canopy surface, 
to measure canopy temperature and difference between canopy temperature and ambient temperature.  
 
Four genotypes BAT 477, DOR 364, BT 21138-17-1-1 and BT 21138-31-1-1 were selected to 
determine rooting differences. Root samples were taken at 56 days after planting at both levels of 
water supply. Samples were taken at 5 soil depths (0-5, 5-10, 10-20, 20-40 and 40-60 cm), using a 5 
cm diameter soil corer sampler. Five soil cores were taken, three cores between rows and two within 
rows. To facilitate washing, samples were first soaked for 30 minutes in 5% sodium 
hexametaphosphate solution. Soil and roots were separated by hand washing, cleaning and scanning. 
Root length and root diameter were determined by image analysis system (WinRHIZO V. 2003b). 
Differences in rooting among four lines were estimated by using a model of vertical root distribution 
developed by Gale and Grigal (1987: Can. J. For. Res. 17, 829-834), which is based on the following 
asymptotic equation: 
Y= 1-ßd 
 
Where Y= the cumulative root biomass or root length fraction (a proportion between 0 and 1) from 
the soil surface to depth d (cm), and ß= the fitted “extinction coefficient”. ß is the only parameter 
estimated in the model. It provides a simple numerical index of the root biomass or root length 
distribution, where high ß values (e.g., 0.98) correspond to a greater proportion of root biomass or 
root length at depth and low ß values (e.g., 0.91) imply a greater proportion of root biomass or root 
length near to soil surface. 
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Results and Discussion:  
 
Palmira – Soil, temperature, rainfall and evaporation: The soil is a Mollisol (Aquic Hapludoll) with no 
major fertility problems (pH = 7.7), and is estimated to permit storage of 130 mm of available water 
(assuming 1.0 m of effective root growth with –0.03 MPa and –1.5 MPa upper and lower limits for 
soil matric potential). During the crop-growing season, maximum and minimum air temperatures 
were 34.2 and 16 °C (Figure 13). The incident solar radiation ranged from 9.2 to 23.9 MJ m-2 d-1. The 
total rainfall during the active crop growth was 33.2 mm. The potential pan evaporation was of 410.7 
mm. These data on rainfall and pan evaporation together with rainfall distribution indicated that the 
crop suffered significant terminal drought stress during active growth and development. The mean 
yield under rainfed conditions was 1458 kg ha-1 compared with the mean irrigated yield of 3300 kg 
ha-1.  
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Figure 13. Rainfall distribution, pan evaporation, maximum and minimum temperatures during crop 
growing period at Palmira in 2006. 
 
Under drought stress conditions in the field, the seed yield of 33 RILs ranged from 1227 to 2137 kg 
ha-1 (Figure 14). Among the RILs tested, two RILs BT 21138-6-1-1 and BT 21138-4-1-1 were 
outstanding in their adaptation to rainfed (water stress) conditions. The relationship between grain 
yield of rainfed and irrigated treatments indicated that several RILs were superior to the best parent, 
BAT 477 and the check genotype, SEA 5. Among the 33 lines tested, BT 21138-83-1-3 was the most 
poorly adapted bred line under rainfed conditions as it showed the highest value of relative yield 
reduction (Figure 15). Based on the values of relative yield reduction, the RILs were grouped into 
drought adapted, intermediate and drought sensitive.  
 
The relationship between rainfed seed yield and other plant attributes indicated that the outstanding 
performance of line BT 21138-6-1-1 and BT 21138-4-1-1 was associated with lower values of pod 
wall biomass proportion (Figure 16) indicating greater mobilization of photosynthates to the grain. 
 
Correlation coefficients between final grain yield and other shoot attributes under rainfed conditions 
indicated significant negative relationship between seed yield and total chlorophyll content and shoot 
TNC content under rainfed conditions (Table 8). It is important to note that the pod wall biomass 
proportion was significantly negatively associated with seed yield under rainfed conditions. This 
indicates that the genotypes that mobilized a greater proportion of photosyntates from pod wall to 
seed performed better under rainfed conditions (Figure 16). It is also noteworthy that the two parental 
lines, BAT 477 and DOR 364, were almost identical in their pod wall biomass proportion, suggesting 
that transgressive segregation had occurred for this trait.  
 
 19 
 
R
ai
nf
ed
 g
ra
in
 y
ie
ld
 (k
g 
ha
-1
)
2000 2400 2800 3200 3600 4000 4400
Irrigated grain yield (kg ha-1)
1000
1200
1400
1600
1800
2000
2200
BT 6-1-1BT 4-1-1
SEA 5
BAT 477
BT 124-1-1BT 147-3
BT 36-1-1
BT 51-1-1 BT 69-1-1
BT 104-3
DOR 364 BT 28-1-1 BT 3-1-1
BT 50-1-1
BT 83-1-3
BT 25-1-1
BT 30-1-1
BT 17-1-1
BT 23-1-4
BT 57-1-1
BT 83-1-1
BT 97-1-1
BT 115-1-1
BT 31-1-1
BT 64-1-1
BT 131-1-1
BT 16-1-1
PALMIRA
Mean: 1458
LSD0.05: 571
Mean: 3300
LSD0.05: 909
 
 
 
Figure 14.  Identification of genotypes that are adapted to rainfed conditions and are responsive to 
irrigation in a Mollisol at Palmira. Genotypes that yield superior with drought and were 
also responsive to irrigation were identified in the upper, right hand quadrant.  
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Figure 15.  Genotypic differences in relative yield reduction due to drought stress. Genotypes were 
grouped as drought adapted, intermediate and sensitive based on relative yield reduction.  
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Figure 16.   Identification of genotypes that combine superior seed yield with lower pod wall biomass 
proportion when grown under rainfed conditions in a Mollisol at Palmira. Genotypes that 
were superior in grain yield and lower podwall biomass were identified in the upper, left 
hand quadrant.  
 
 
Table 8.  Correlation coefficients (r) between final grain yield (kg ha-1) and other plant  attributes 
 of RILs of common bean grown under rainfed conditions in a Mollisol in Palmira. 
Plant traits Irrigated Rainfed 
Leaf area index (m2/m2) 0.24** 0.02 
Total chlorophyll content (SPAD) -0.25** -0.37*** 
Canopy biomass (kg ha-1) 0.29** 0.039 
Seed N content (%) 0.09 -0.12 
Seed P content (%) -0.03 0.13 
Shoot N uptake (kg ha-1) 0.39** 0.11 
Shoot TNC content (mg g-1) -0.24** -0.31** 
Shoot P uptake (kg ha-1) 0.21* 0.22* 
Pod harvest index (%) -0.09 0.005 
Harvest index (%) 0.22* 0.20* 
Podwall biomass proportion (%) -0.17 -0.28** 
Stem biomass reduction (%) -0.08 0.04 
Drought susceptibility index  -0.72** 
Relative yield reduction  -0.72** 
*, **, *** Significant at the 0.05, 0.01 and 0.001 probability levels, respectively. 
 
 
For the 4 genotypes evaluated for root attributes under both rainfed and irrigated conditions, no 
significant correlation was observed between root production and grain yield. Among the 4 genotypes 
evaluated BT 21138-31 (Figure 17) showed greater root length values under both irrigated and rainfed 
conditions. The drought sensitive DOR 364 showed lower values of root length under rainfed 
conditions.  
 
Mean soil moisture content at mid-pod filling did not show any significant differences among 4 
genotypes. However under rainfed conditions at soil depths of 20-40 and 40-60 cm, BAT 477 
presented higher values of volumetric soil moisture (Figure 18), while the two RILs BT 21138-17 and 
BT 21138 showed depletion of soil moisture in the top soil layer. 
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Figure 17.  Relationships between seed yield and root length when grown under rainfed and irrigated 
 conditions in a Mollisol at Palmira.  
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Figure 18.  Mean soil moisture (volumetric) content in the soil profile at 56 days after planting under 
 rainfed and irrigated conditions in a Mollisol – Palmira among 4 genotypes of bean 
 through 5 soil’s depth.  
 
 
Results on root distribution through soil profile showed the lines BAT 477 and BT 21138-17 
produced higher biomass and length of roots at 40-60 cm soil depth (Figure 19). Results on extinction 
coefficient ß in terms of length and rood biomass didn’t show significant differences. Under rainfed 
conditions all the four lines showed similar values of ß (Figures 20 and 21) indicating similar 
proportion of root biomass or root length at depth. The two RILs showed slightly higher values than 
the parents tested. Under irrigated conditions, BAT 477 showed greater values of root biomass or root 
length at depth while the two RILs showed the lower values. 
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Figure 19.  Differences in root length, root biomass and specific root length distribution by soil 
depth among four bean genotypes. Total or mean values across soil depth are indicated 
for control and stress treatments. 
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Figure 20.  Vertical root length distribution (cumulative proportion) for four bean genotypes as a 
 function of ß in the Gale and Grigal (1987) model.  
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Figure 21.  Vertical root biomass (cumulative proportion) distribution for four bean genotypes as a 
 function of ß in the Gale and Grigal (1987) model.  
 
Conclusions: Field evaluation of 33 RILs of the cross DOR 364 x BAT 477 at Palmira resulted in 
identification of two lines (BT 21138-6-1-1, BT 21138-4-1-1) that were superior in their adaptation to 
drought stress conditions. The superior performance of these lines under drought stress was associated 
with higher values of shoot P uptake and lower proportion of pod wall biomass indicating the 
importance of greater mobilization of photosyntates to seed under rainfed conditions. Differences in 
rooting ability among the four genotypes tested were not significant. But under rainfed conditions, 
among the lines evaluated BAT 477 and BT 21138-17 showed deeper roots across the soil profile than 
the other two genotypes tested. 
 
Contributors:  J. Polanía, M. Grajales, C. Cajiao, R. García, J. Ricaurte, S. Beebe and I. M. Rao 
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1.1.1.5 Phenotypic differences among 16 bean genotypes in root development and 
 distribution  under drought stress 
 
Rationale: We developed a greenhouse soil tube method to quantify phenotypic differences in root 
development and distribution under simulated soil drying (terminal drought) or maintainance of 40% 
of field capacity (intermittent drought). With this method we can simulate the drought stress effects 
on shoot and root development in common bean. This system is used to quantify differences among 
16 genotypes in root development under drought stress. Among the 16 genotypes tested included 5 
selections from G 35066 and 2 selections from G 35884 of P. coccineus.  
 
Materials and Methods: A greenhouse study was conducted at CIAT - Palmira using a mix of an 
Andisol (from Darien of Colombia) with river sand (2:1 w/w). Plants were grown for 46 days 
(November 2006 to January 2007) in plastic cylinders (80 cm long with 7.5 cm diameter) that were 
inserted in PVC tubes. The average maximum and minimum temperature values were 35oC and 21oC, 
respectively (Figure 22) with a maximum photon flux density of 1100 µmol m-2 s-1. Soil cylinders 
were carefully packed with 3320 g of soil: sand mixture, with bulk density of 1.13 g cm-3. The trial 
included 16 bean genotypes including 8 from P. vulgaris: BAT 477, BAT 881, DOR 364, G 21212, G 
19833, ICA Quimbaya, VAX 1, SER 16; 1 from P. acutifolius: G 40159 and 7 from P. coccineus: G 
35066-1Q, G 35066-2Q, G 35066-3Q, G 35066-4Q, G 35066-5Q, G 35884-1Q and G 35884-2Q 
(Table 9) to determine genotypic differences in root development and distribution under drought 
stress. The trial was planted as a randomized complete block arrangement with three levels of water 
supply:  80% field capacity (well-watered), maintaining 40% field capacity (to simulate intermittent 
drought conditions) and withholding of watering (to simulate terminal drought stress conditions) as 
main plots and genotypes as sub-plots with three replications. Soil was fertilized with adequate level 
of nutrients (kg/ha of 80 N, 50 P, 100 K, 101 Ca, 29.4 Mg, 20 S, 2 Zn, 2 Cu, 0.1 B and 0.1 Mo). 
Treatments of water stress were imposed after 10 days of initial growth of plants that were established 
with seed. The initial soil moisture for all the treatments was of 80% field capacity. Plants with well-
watered treatment were maintained by weighing each cylinder every two days and applying water to 
the soil at the top of the cylinder. Plants with intermittent drought (40% field capacity) treatment were 
maintained by weighing each cylinder every two days and applying water to the soil at the top of the 
cylinder if it is necessary. Plants with terminal drought were monitored for water stress by weighing 
each cylinder every two days for determination of decrease in soil moisture. Plants were harvested at 
the age of 46 days after establishment, i.e., 36 days of withholding of water application.  
 
A number of shoot physiological characteristics were measured during the experiment. This included 
total chlorophyll content (SPAD) and rooting depth. At the time of harvest (46 days after 
establishment; 36 days of water stress treatment), leaf area, shoot biomass distribution, and root traits 
were determined. The soil from the tube was removed and sliced into 6 layers (0-5, 5-10, 10-20, 20-
40, 40-60 and 60-75). Roots in each soil layer were washed free of soil and sand and root length, 
mean root diameter, specific root length, and root dry weight were determined. Root length and mean 
root diameter were measured with an image analysis system (WinRHIZO, Regent Instruments INC). 
Root weight was determined after roots were dried in an oven at 60 oC for 48 h. Differences in rooting 
among the lines were estimated by using a model of vertical root distribution developed by Gale and 
Grigal (1987), which is based on the following asymptotic equation: 
 
Y= 1-ßd 
 
Where Y= the cumulative root biomass or root length fraction (a proportion between 0 and 1) from 
the soil surface to depth d (cm), and ß= the fitted “extinction coefficient”. ß is the only parameter 
estimated in the model. It provides a simple numerical index of the root biomass or root length 
distribution, where high ß values (e.g., 0.98) correspond to a greater proportion of root biomass or 
root length at depth and low ß values (e.g., 0.91) imply a greater proportion of root biomass or root 
length near to soil surface. Analysis of variance was calculated by using the SAS computer program 
(SAS/STAT, 2001). A probability level of 0.05 was considered statistically significant.  
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Figure 22.  Soil moisture (field capacity), maximum and minimum temperatures during soil drying 
 and root development in the soil tubes in greenhouse at Palmira. 
 
 
 Table 9.  Seed color, seed size, growth habit and other characteristics of the bean genotypes grown in 
 soil tubes in greenhouse, Palmira. 
 
Genotype Seed 
 color 
100 seed 
weight (g) 
Growth 
habit 
Nature Genus Species Origin 
BAT 477 Cream 21.5 3 Inbred line Phaseolus vulgaris Colombia 
BAT 881 Coffee 21.5 2 Inbred line Phaseolus vulgaris Colombia 
DOR 364 Red 23.0 2b Inbred line Phaseolus vulgaris Colombia 
G 21212 Black 29.3 2 Landrace Phaseolus vulgaris Colombia 
G 40159 White 16.4 4 Landrace Phaseolus acutifolius Mexico 
G19833 Yellow, red 43.0 3 Landrace Phaseolus vulgaris Peru 
G35066 Cream 91.7 4 Landrace Phaseolus coccineus Mexico 
G35884 White 133.8 4 Landrace Phaseolus coccineus Macedonia 
ICA 
Quimbaya 
Red 89.7 1 Commercial Phaseolus vulgaris Colombia 
SER 16 Red 25.6 2 Inbred line Phaseolus vulgaris Colombia 
VAX 1 Cream 29.4 3 Inbred line Phaseolus vulgaris Colombia 
 
 
Results and Discussion: The initial soil moisture level for the three treatments was of 80% field 
capacity. Plants under well watered (control) treatment were maintained by weighing each cylinder 
every two days and applying water to the soil at the top of the cylinder. After 10 days plants with 
intermittent drought were left without irrigation until the soil moisture reached the 40% field capacity 
and maintained this level by applying water at the top of the cylinder, this level was reached at 38 
days after planting. For plants with terminal drought stress treatment, each cylinder was weighed 
every two days and determined soil moisture until harvest time. The average of final soil moisture at 
46 days after planting was at 32 % of field capacity (Figure 22).  
 
Significant genotypic differences were observed in terms of biomass production in the three 
treatments control, intermittent and terminal water stress conditions. Water stress conditions markedly 
decreased the biomass of leaves, stem, pods and roots of 16 genotypes tested when compared with 
well-watered treatment (Figure 23). Total biomass production under intermittent drought conditions 
was relatively less affected for the lines SER 16, BAT 477 and G 40159 and these lines were 
outstanding in their production of pods under stress conditions (Table 10). Among the 16 genotypes 
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tested under intermittent drought stress, the seven genotypes of P. coccineus had poor total biomass 
production without pod production under stress conditions. The same behavior was observed under 
terminal drought conditions. Three genotypes SER 16, G 40159 and BAT 477 had higher levels of 
total biomass and pod production.  
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Figure 23. Dry matter distribution in 16 bean genotypes grown in soil tubes under irrigation, 
 intermittent drought and terminal drought in greenhouse, Palmira. 
 
 
 
Table 10. Influence of three levels of water supply on leaf area, leaf + stem biomass and pod 
 biomass of 16 bean genotypes grown in soil tubes in greenhouse, Palmira.  
 
Genotype 
Leaf area 
(cm2 plant-1) 
Leaf + stem biomass 
(g plant-1) 
Pod biomass 
(g plant-1) 
Irrig. Inter. Term. Irrig. Inter. Term. Irrig. Inter. Term. 
BAT 477 718 412 268 3.96 2.13 1.52 1.16 0.25 0.31 
BAT 881 981 379 174 6.64 2.14 1.19 0.83 0.06 0.00 
DOR 364 333 308 230 2.08 1.74 1.40 0.36 0.38 0.14 
G 19833 518 459 421 2.29 2.15 1.45 0 0.07 0 
G 21212 231 275 192 1.15 1.47 1.10 0.31 0.48 0.23 
G 40159 335 179 159 2.39 1.17 1.20 1.13 1.26 1.20 
I. Qimbaya 637 134 170 4.27 0.75 1.00 1.49 0.10 0.42 
SER 16 559 205 165 2.94 1.25 0.99 3.33 1.41 1.06 
VAX 1 351 207 339 2.26 1.25 1.41 0.33 0.21 0.06 
G 35066 1Q 619 135 167 3.14 0.97 0.89 0 0 0 
G 35066 2Q 336 130 171 1.90 0.92 1.13 0 0 0 
G 35066 3Q 714 206 106 3.91 1.15 0.81 0 0 0 
G 35066 4Q  169 195  1.07 1.49  0 0 
G 35066 5Q  149 40  1.26 0.50  0 0 
G 35884 1Q 500 466 333 2.47 1.85 1.45 0 0 0 
G 35884 2Q 315 141 228 1.95 0.66 1.26 0 0 0 
Mean 510 247 210 2.58 1.37 1.17 0.69 0.28 0.23 
LSD0.05 455* 260* 138*** NS 1.08* NS 1.28*** 0.55*** 0.28*** 
 
 
Leaf area values under intermittent water stress simulation were greater for G 35884 1Q (P. 
coccineus) G 19833, BAT 477 and BAT 881 than the other genotypes (Table 10). ICA Quimbaya and 
G 35066 2Q had the lowest leaf area under intermittent drought. Under terminal drought leaf area 
values were greater for G 19833, VAX 1 and BAT 477. The genotype G 19833 was outstanding in 
leaf area production under both intermittent and terminal water stress, this genotype had a high vigor 
but its pod production is lower, indicating lower ability for photosynthate mobilization.   
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Results on total root length showed significant genotypic variation under the three water levels 
(Figure 24). The genotypes BAT 477 and G 19833 were outstanding in their total root length under 
intermittent and terminal drought. Among the 16 genotypes tested G 35066 3Q and G 35884 had poor 
root development under intermittent and terminal water stress conditions. Results on specific root 
length showed significant genotypic differences under three treatment conditions (Figure 25). The 
genotypes G 40159 (P. acutifolius), VAX 1 and DOR 364 were outstanding in developing thin roots 
under intermittent and terminal water stress conditions while the seven genotypes of P. coccineus had 
thicker roots under both intermittent and terminal drought stress. This behavior can be compared with 
the values of the proportion of fine roots (between 0 and 0.5 mm of diameter). Results showed that the 
genotype G 40159 has the highest proportion of fine roots while the selections of P. coccineus showed 
lower values (Table 11). 
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Figure 24.  Total root length in 16 bean genotypes grown in soil tubes under irrigation, intermittent 
 drought and terminal drought in greenhouse, Palmira 
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Figure 25.  Specific root length of 16 bean genotypes grown in soil tubes under irrigation, 
 intermittent drought and terminal drought stress in greenhouse, Palmira. 
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Table 11.  Influence of three levels of water supply on root traits of 16 bean genotypes grown in 
 soil tubes in greenhouse, Palmira. 
 
 
 
Genotype 
Proportion of fine roots 
(%) 
Root length extinction 
coefficient 
Root biomass extinction 
coefficient 
Irrig. Inter. Term. Irrig. Inter. Term. Irrig. Inter. Term. 
BAT 477 88 89 90 0.97 0.97 0.97 0.96 0.96 0.96 
BAT 881 88 90 88 0.97 0.97 0.96 0.96 0.96 0.95 
DOR 364 92 92 91 0.90 0.96 0.97 0.89 0.96 0.96 
G 19833 89 90 89 0.90 0.96 0.94 0.89 0.95 0.93 
G 21212 90 88 87 0.92 0.96 0.97 0.92 0.96 0.96 
G 40159 91 93 93 0.94 0.96 0.96 0.94 0.95 0.96 
I. Quimbaya 87 84 89 0.97 0.96 0.97 0.96 0.96 0.96 
SER 16 90 90 91 0.94 0.96 0.96 0.94 0.96 0.95 
VAX 1 91 90 91 0.91 0.95 0.96 0.91 0.94 0.96 
G 35066 1Q 87 89 87 0.95 0.94 0.93 0.94 0.93 0.91 
G 35066 2Q 86 83 84 0.86 0.95 0.95 0.85 0.95 0.95 
G 35066 3Q 82 86 87 0.90 0.95 0.89 0.91 0.94 0.87 
G 35066 4Q  86 86  0.95 0.95  0.95 0.94 
G 35066 5Q  84 86  0.95 0.91  0.95 0.90 
G 35884 1Q 87 86 84 0.79 0.91 0.89 0.79 0.91 0.88 
G 35884 2Q 76 89 87 0.77 0.91 0.84 0.78 0.90 0.83 
Mean 87 88 88 0.91 0.95 0.94 0.90 0.94 0.93 
LSD0.05 3.3*** 4.4** 3.8** NS 0.01*** 0.06* NS 0.01*** 0.06* 
 
 
Results on extinction coefficient ß in terms of length and root biomass showed significant differences 
under terminal drought and irrigated conditions while under intermittent drought the differences were 
not significant (Table 11). Under terminal drought conditions the genotypes BAT 477, DOR 364 and 
G 21212 presented highest values of ß with 0.97 for root length and 0.96 for root biomass, indicating 
that these genotypes have greater proportion of root length and root biomass at depth, while the 
genotypes G 35066 3Q, G 35884 1Q and G 35884 2Q showed the lower values of ß with 0.89, 0.89 
and 0.84, respectively for root length and 0.87, 0.88 and 0.83 for root biomass, indicating that these 
genotypes have greater proportion of root biomass or root length in the top soil layers. Under irrigated 
conditions the genotypes BAT 477, ICA Quimbaya and BAT 881 had the highest values of ß with 
0.97 for root length and 0.96 for root biomass. The lowest values of ß with 0.79 and 0.77 for root 
length and 0.79 and 0.78 for root biomass were observed with G 35884 1Q and G 35884 2Q, 
respectively. 
 
Significant genotypic differences were observed in terms of rooting depth. Under intermittent drought 
the genotypes BAT 477, G 21212 and SER 16 had the highest root penetration and reached the depth 
of 73, 71 and 71 cm, respectively after 35 days of planting (Table 12). The development of roots 
under terminal drought was similar to intermittent drought. BAT 477, G 21212 and SER 16 were 
outstanding in their root development and reached the depth of 74, 73 and 73 cm, respectively after 35 
days of planting.    
 
Significant genotypic differences in root length distribution across the soil depth under control, 
intermittent and terminal water stress were found for 20-40, 40-60 and 60-75 cm soil depth (Figure 
26). BAT 881 was outstanding in its root development under irrigated conditions but showed greater 
sensitivity to drought stress in decreasing the root development. The genotypes BAT 477 and BAT 
881 had greater root length for 60-75 cm soil depth than the other genotypes under intermittent 
drought conditions. G 35066 1Q and G 35884 2Q had the lowest root length values in the same soil 
depth under intermittent drought. BAT 477 and G 21212 had greater root length at deeper soil layer of 
60-75 cm than the other genotypes under terminal drought conditions. G 35884 2Q had the lowest 
root length in the same soil depth under terminal drought. 
 29 
Table 12.  Influence of three levels of water supply on rooting depth during root development of 16 
 bean genotypes grown in soil tubes in greenhouse, Palmira. 
 
 
 
Genotype 
Rooting depth at 17 days 
after planting (cm) 
Rooting depth at 35 days 
after planting (cm) 
Rooting depth at 46 days 
after planting (cm) 
Irrig. Inter. Term. Irrig. Inter. Term. Irrig. Inter. Term. 
BAT 477 25 37 34 66 73 74 73 75 75 
BAT 881 31 32 32 59 68 64 75 75 61 
DOR 364 29 30 30 38 64 70 50 73 75 
G 19833 24 33 35 46 59 57 60 63 61 
G 21212 32 33 34 41 71 73 54 75 75 
G 40159 21 29 30 34 62 70 60 73 75 
I. Quimbaya 22 22 33 54 61 66 75 75 63 
SER 16 26 35 34 42 71 73 60 75 75 
VAX 1 26 33 31 42 50 67 57 74 75 
G 35066 1Q 23 26 26 43 41 46 52 65 58 
G 35066 2Q 28 36 31 41 63 57 53 54 64 
G 35066 3Q 30 24 25 52 52 38 55 65 46 
G 35066 4Q 26 29 28 37 56 51 . 67 68 
G 35066 5Q 23 28 27 . 63 45 . 55 50 
G 35884 1Q 25 23 28 35 42 49 42 51 . 
G 35884 2Q 27 11 21 36 37 36 56 51 65 
Mean 26 29 30 44 58 59 58 67 66 
LSD0.05 NS 8.7*** NS 20.9* NS 16.8*** NS NS 10.9*** 
 
 
 
Correlation coefficients between pod biomass and other shoot attributes under terminal drought 
conditions indicated that greater pod biomass was positively related to specific root length, proportion 
of fine roots and rooting depth at 35 days after planting (Table 13). Root biomass extinction 
coefficient was also positively associated with pod biomass. Under intermittent drought conditions 
significant positive relationship was observed between pod biomass and specific root length, root 
biomass and root length extinction coefficient, proportion of fine roots and rooting depth at 35 days 
after planting. This observation indicates that the superior performers developed greater amount of 
fine and deep roots.  
 
Table 13.  Correlation coefficients (r) between pod biomass (g plant-1) and other plant attributes  of 
 16 genotypes of bean grown under three levels of water supply in greenhouse, 
 Palmira. 
Plant traits Irrigated Intermittent 
drought 
Terminal 
drought 
Leaf area (cm2 plant-1) 0.26 0.14 -0.17 
Leaf biomass (g plant-1) 0.29 0.19 -0.03 
Stem biomass (g plant-1) 0.33* 0.08 -0.003 
Root biomass (g plant-1) 0.31 -0.30 -0.26 
Total biomass (g plant-1) 0.66*** 0.57*** 0.64*** 
Root length (m plant-1) 0.49** -0.034 0.025 
Specific root length (m g-1) 0.25 0.63*** 0.62*** 
Mean root diameter (mm) 0.09 -0.23 -0.02 
Proportion of fine roots (m plant-1) 0.26 0.48** 0.50*** 
Rooting depth at 35 days after planting (cm) 0.26 0.37* 0.44** 
Root length extinction coefficient 0.33* 0.35* 0.29 
Root biomass extinction coefficient 0.35* 0.33* 0.31* 
*, **, *** Significant at the 0.05, 0.01 and 0.001 probability levels, respectively. 
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Figure 26.  Influence of three levels of water supply on root length distribution across soil depth in 
16 bean genotypes grown in plastic cylinders, Palmira. Total root length values across 
soil depth are indicated for control (irrigated) and stress treatments. 
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Conclusions: Greenhouse evaluation of 16 bean genotypes using soil tube method for root 
phenotyping resulted in identification of three genotypes BAT 477, G 21212 and G 19833 that were 
superior in their root development under intermittent and terminal drought stress conditions. The lines 
BAT 477 and G 21212 also had greater values of rooting depth under drought stress conditions. This 
evaluation also resulted in identification of the genotype G 40159 (P. acutifolius) that was superior in 
its development of fine roots under drought stress. Greenhouse evaluation of these lines for 
phenotypic differences in root development and distribution indicated that the recently developed 
SER 16 line could combine fine root development across soil layers with photosynthate mobilization 
ability that was observed under field conditions.  
 
Contributors:  J. Polanía, S. Beebe and I. M. Rao 
 
1.1.2  Aluminum resistance 
 
1.1.2.1  Yield potential of lines selected for aluminum tolerance 
 
Rationale:  In the previous BMZ-funded aluminum project, we developed the breeding strategy of 
combining mechanisms from the two major gene pools of common bean. Accessions and lines 
derived from the Andean gene pool often express a good level of physiological resistance in 
greenhouse studies, while other genotypes from the Mesoamerican pool (such as MAM 38) have 
vigorous shallow root systems that escape aluminum toxicity in the field.  
 
Materials and Methods: Lines were developed from multiple crosses. Some crosses combined 
Mesoamerican and Andean gene pools with the strategy of seeking to combine mechanisms for higher 
levels of aluminum tolerance. Other hybrid combinations were based on intra-gene pool crosses 
among Mesoamerican accessions. Last year we reported on results from the 06A season. Since the last 
report, the trials of the 06B season that were in the field at reporting time were harvested, and were 
planted and harvested again in the 07A season.  Forty-three lines plus two checks (VAX 1 and Tio 
Canela) were organized in three trials, each a 4 x 4 lattice design in a field in experiment station in 
Santander de Quilichao. Small trials were employed with even smaller sub-plots, to control spatial 
variability with even greater efficiency than when a 10x10 lattice was utilized. Aluminum saturation 
in the field varied from 65-75%. Three-row plots were planted, and a fourth row was sown with either 
VAX 1 (tolerant) or Tio Canela (sensitive), to visually monitor the variability of soil in the field.  
Results and Discussions:   The strategy of using smaller lattice designs was effective in improving 
the precision of the trials. While the 10 x 10 lattice in the 06A season presented a CV of 31% and only 
offered 107% efficiency compared to RCB design, the use of 4 x 4 lattice lowered the CV to an 
average of 20%, although the efficiency of the lattice design did not improve compared to RCB. In the 
07A season, the average CV was 23%, while the statistical efficiency improved to values between 133 
and 165%.  
Results continue to suggest that genetic gain has been obtained, as in each season and in the combined 
analysis, some lines yielded significantly more than the tolerant check VAX 1 (Tables 14,  15, and 
16). Although the same lines are not always the best, within trial 1, sister lines derived from the F1 
plant AL 14586-1 appear frequently as superior. As noted last year, the pedigree of this cross is 
((G24601 x (MAM   38 x BRB  198)F1)F1 x G11015)F1 X (MAM   38xG 21212) and combines the 
Mesoamerican and Andean gene pools. In trial 3, two F1-derived sisters of AL14878-11 have been 
superior. The pedigree of this cross is ((VAX 1x BRB 191)F1 x G 21212)F1 x (RAB 655 x G22041) 
and also combines the two major gene pools. All parents are Mesoamerican except for BRB 198 and 
BRB 191which are Andean. No line based exclusively on Mesoamerican parental material exceeded 
VAX in yield. However, consistency over seasons in not good, and even though the genotype x 
season effect was not significant in any case, the seasonal effect seemed to have a large impact. To 
attain more consistent results, the genetic component of tolerance must be amplified. It is hoped that 
the interspecific crosses will permit this.  
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Table 14. Yield results of lines in three independent yield trials. Lines with significant yield 
 advantage over VAX 1 are indicated with *.  Experiment 1.  
 
 Code Pedigree 06B 07A Comb. 06A 
AL 14586- 1-MQ-15Q-MQ-MQ-
10Q-MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
653 1392* 1035  
AL 14586- 1MQ-15Q-MQ-MQ-2Q-
MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
627 1247 1004  
AL 14586- 1-MQ-15Q-MQ-MQ-
12Q-MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
647 1385* 984 1 
AL 14586- 1-MQ-15Q-MQ-MQ-
18Q-MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
521 1563* 965  
AL 14586- 2-MQ-3Q-MQ-MQ-1Q-
MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
728 1178 905  
AL 14586- 9-MQ-7Q-MQ-MQ-
13Q-MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
663 925 905  
AL 14586- 2-MQ-3Q-MQ-MQ-
10Q-MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
602 1222 876  
AL 14586- 1-MQ-15Q-MQ-MQ-
4Q-MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
654 1054 875  
AL 14586- 1-MQ-15Q-MQ-MQ-
17Q-MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
581 1205 850  
AL 14586- 9-MQ-7Q-MQ-MQ-
12Q-MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
729 906 828  
Ch TIO CANELA 75 TIO CANELA 75 739 827 826  
AL 14586- 9-MQ-7Q-MQ-MQ-4Q-
MC-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
452 1187 814  
Ch VAX    1 VAX    1 650 917 798  
AL 14586- 2-MQ-6Q-MQ-MQ-2Q-
MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
659 900 777  
AL 14586- 1-MQ-8Q-MQ-MQ-8Q-
MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
531 930 710  
AL 14586- 1-MQ-15Q-MQ-MQ-
15Q-MC-MQ-MQ 
((G 24601x(MAM   38xBRB  198)F1)F1xG 
11015)F1 X (MAM   38xG 21212)F1 
492 840 650  
1 Lines with significant yield advantage over VAX 1 in the 2006A season. 
 
Table 15.  Yield results of lines in three independent yield trials. Lines with significant yield 
 advantage over VAX 1 are indicated with *.  Experiment 2.  
 
 Code Pedigree 06B 07A Comb. 06A 
Ch VAX    1  723 1005 958  
AL 14894-21-MQ-MQ-4Q-MC-MQ-MQ (RAB  655xG 19168)F1x(MAM   49xG 
21212)F1 
874 954 942  
AL 14894-21-MQ-MQ-3Q-MC-MQ-MQ (RAB  655xG 19168)F1x(MAM   49xG 
21212)F1 
972 1005 929  
AL 14857- 3-MQ-MQ-8Q-MC-MQ-MQ RAB  487x(G  1816xG 21212)F1 783 988 924  
Ch TIO CANELA 75 TIO CANELA 75 605 1007 873  
AL 14561- 9-MQ-MQ-4Q-MQ-MQ-6Q-
MC-MQ-MQ 
TIO CANELA 75 X (MUS 131 x G 
24601)F1 
632 1075 845  
AL 14857- 3-MQ-MQ-6Q-MC-MQ-MQ RAB  487x(G  1816xG 21212)F1 661 914 806  
AL 14873-36-MQ-MQ-1Q-MC-MQ-MQ ((G  1759xG  5273)F1xG 21212)F1x(RAB  
655xG 22041)F1 
686 900 794  
AL 14869- 8-MQ-MQ-1Q-MC-MQ-MQ RAB  487x(RAB  655xG 22041)F1 544 886 780  
AL 14894- 3-MQ-MQ-4Q-MC-MQ-MQ (RAB  655xG 19168)F1x(MAM   49xG 
21212)F1 
711 926 774  
AL 14561- 9-MQ-MQ-3Q-MQ-MQ-
11Q-MC-MQ-MQ 
TIO CANELA 75 X (MUS 131 x G 
24601)F1 
664 829 731  
AL 14561- 9-MQ-MQ-3Q-MQ-MQ-8Q-
MC-MQ-MQ 
TIO CANELA 75 X (MUS 131 x G 
24601)F1 
671 755 723  
AL 14857- 3-MQ-MQ-5Q-MC-MQ-MQ RAB  487x(G  1816xG 21212)F1 767 755 699  
AL 14869- 4-MQ-MQ-6Q-MC-MQ-MQ RAB  487x(RAB  655xG 22041)F1 753 623 688  
AL 14869- 8-MQ-MQ-7Q-MC-MQ-MQ RAB  487x(RAB  655xG 22041)F1 701 722 646  
AL 14894-27-MQ-MQ-6Q-MC-MQ-MQ (RAB  655xG 19168)F1x(MAM   49xG 
21212)F1 
669 712 627  
1 Lines with significant yield advantage over VAX 1 in the 2006A season. 
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Table 16. Yield results of lines in three independent yield trials. Lines with significant yield 
 advantage over VAX 1 are indicated with *.  Experiment 3.  
 
 Code 
 
Pedigree 06B 07A Comb. 06A 
AL 14878-11-MQ-MQ-7Q-MC-MQ-MQ ((VAX    1xBRB  191)F1xG 
21212)F1x(RAB  655xG 22041)F1 
884 1293 1134*  
AL 14878-11-MQ-MQ-2Q-MC-MQ-MQ ((VAX    1xBRB  191)F1xG 
21212)F1x(RAB  655xG 22041)F1 
1065* 1004 1022  
AL 14889- 1-MQ-MQ-6Q-MC-MQ-MQ (MAM   38xG 21212)F1x(SEA   15xG 
21212)F1 
777 1174 947  
Ch TIO CANELA 75 TIO CANELA 75 825 1022 945  
AL 14713- 7-1Q-MQ-MQ-13Q-MC-MQ-
MQ 
(MAM   38xG 21212)F1 X (G 24601x(G 
22041xBRB  198)F2)F1 
819 1027 914  
AL 14878- 7-MQ-MQ-6Q-MC-MQ-MQ ((VAX    1xBRB  191)F1xG 
21212)F1x(RAB  655xG 22041)F1 
637 1234 908  
AL 14367-24-MQ-24Q-MQ-MQ-8Q-MC-
MQ-MQ 
(MAM   38xG 21212)F1 X G 19073 682 1062 899  
AL 14300-22-MQ-7Q-2Q-MQ-MQ-7Q-
MC-MQ-MQ 
G 24601 x (G 22041 x BRB 198)F2 774 936 891 1 
Ch VAX    1 VAX    1 814 866 877  
AL 14304- 2-MQ-MQ-MQ-8Q-MQ-MQ-
6Q-MC-MQ-MQ 
RAB 655 X (MAM 49 X RIB 66)F1 814 932 863  
AL 14304- 2-MQ-MQ-MQ-8Q-MQ-MQ-
14Q-MC-MQ-MQ 
RAB 655 X (MAM 49 X RIB 66)F1 534 1073 802 1 
AL 14893- 5-MQ-MQ-3Q-MC-MQ-MQ (MAM   49xG 21212)F1x(SEA   15xG 
13637)F1 
723 836 795  
AL 14865- 2-MQ-MQ-4Q-MC-MQ-MQ (G 24601xG 21212)F1x(RAB  655xG 
19168)F1 
596 1023 788  
AL 14714- 4-2Q-MQ-MQ-3Q-MC-MQ-
MQ 
(RAB  655xG 21212)F1 X (G 24601x(G 
22041xBRB  198)F2)F1 
567 1024 767  
AL 14714- 4-4Q-MQ-MQ-17Q-MC-MQ-
MQ 
(RAB  655xG 21212)F1 X (G 24601x(G 
22041xBRB  198)F2)F1 
652 836 726  
AL 14367-24-MQ-36Q-MQ-MQ-4Q-MC-
MQ-MQ 
(MAM   38xG 21212)F1 X G 19073 531 916 700  
1 Lines with significant yield advantage over VAX 1 in the 2006A season. 
 
Contributors: S. Beebe, I.M. Rao, C. Cajiao, M.A. Grajales and J.B. Cuasquer 
 
 
1.1.2.2  Field selection for aluminum resistance of progeny from interspecific crosses 
 between common bean and runner bean 
 
Rationale:  Abiotic stress factors that affect yield of common bean often occur in combination, 
resulting in far greater losses to farmers. Aluminum toxicity results in reduced root development and 
poor soil penetration, making the crop even more sensitive to drought. Combining multiple stress 
tolerance is a particular challenge for plant breeders. The present effort seeks to produce interspecific 
breeding lines with tolerance or resistance to both drought and aluminum toxicity, employing the high 
levels of aluminum tolerance that are found in Phaseolus coccineus (runner bean), in combination 
with the drought resistance that has been incorporated into common bean.  
 
Materials and Methods: For common bean improvement for stress tolerance, F2 populations of 
interspecific (P. vulgaris  x P. coccineus) F1-BC-1 backcrosses were planted in the field under 
aluminum stress for evaluation. Individual plant selections were made to create F3 families that were 
evaluated under aluminum stress, within which individual selections were again made. The resulting 
F4 families were evaluated in the drought season, June to September, 2007. F4.5 families were again 
planted under aluminum stress in Quilichao in October, 2007.  
 
Results and Discussions: Progress in the development of interspecific families is presented in Table 
17. In terms of numbers of selections, crosses with Mesoamerican SER 16 were far more productive 
of superior lines that the crosses with that Andean type ICA Quimbaya. Of all accessions and 
selections of P. coccineus, G35346-3Q produced the progeny with the best agronomic characteristics.  
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Quantification of yield potential will be carried in 2008. An example of the genetic advance of the 
interspecific progeny in relation to the SER 16 parent is illustrated in Figure 27.  SER 16 appears in 
the foreground, and one of its superior progenies is immediately behind.  
 
Table 17.  Interspecific families between common bean and Phaseolus vulgaris selected in each  
  generation by pedigree selection.  
 
Code Cross # Identification F1.2 
F2.3  
(Al) 
F2.4  
(Al and 
Drought) 
F3.4 
 (Al) 
F4.5 
(Al) Notes 
SXAL 15537 
ICA QUIMBAYA X (ICA 
QUIMBAYA x G  35066-
1Q)F1/-1Q 37 3 1   3 No RILS 
SXAL 15538 
ICA QUIMBAYA X (ICA 
QUIMBAYA x G  35464-
5Q)F1/-1Q 58 49 9   33 RILS (F4) 
SXAL 15539 
SER   16 X (SER   16 x G  
35066-1Q)F1/-1Q 66 103 31 10 117 RILS (F4) 
SXAL 15540 
SER   16 X (SER   16 x G  
35066-5Q)F1/-1Q 19 19 9   28 No RILS 
SXAL 15541 
SER   16 X (SER   16 x G  
35346-2Q)F1/-1Q 24 45 15   47 RILS (F5) 
SXAL 15542 
SER   16 X (SER   16 x G  
35346-3Q)F1/-1Q 25 115 29 130 79 
RILS (F4) 
SXAL 15543 
SER   16 X (SER   16 x G  
35464-5Q)F1/-1Q 36 69 18   122 No RILS 
  TOTAL 265 403 112 140 429  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27. F4 derived F5 line of an interspecific cross between drought resistant SER 16 and  
  aluminum resistant accession of Phaseolus coccineus G35346-3Q  
 
 
Contributors: S. Beebe, I. M. Rao, C. Cajiao, M. Grajales and L. Butare 
SER 16 
SER 16 x (SER 16 x G35346) 
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1.1.2.3    Short and medium term root-growth responses to aluminium in common bean  
 
Rationale: Toxicity of Al in acid soils in the tropics is a serious problem and amending soils with 
lime is difficult and prohibitively expensive. Common bean needs significant improvement in Al 
resistance to reduce farmer dependence on lime and fertilizer. Field screening of 5000 germplasm 
accessions and breeding lines in Al-toxic soils with and without lime (65% Al saturation) indicated 
significant genotypic variation in seed yield. Likewise, significant genotypic differences for Al 
resistance have been found in nutrient-solution based screenings using inhibition of root elongation 
after 36 h at 20 µM Al supply as parameter for Al injury. Aluminium-induced callose formation is an 
indicator of Al-sensitivity and a reliable parameter for the classification of maize genotypes for Al 
resistance. Although, short-term Al supply (4 h) led to maximum accumulation of callose in common 
bean, no relationship was observed between callose formation and root growth inhibition, indicating 
the limitation for the use of callose as a screening tool for Al resistance. The resistance to Al in 
common bean was proposed as an inducible trait. If this is true, a period of stress is required before a 
resistance mechanism is “switched on”. In fact, the exudation of citrate in common bean has been 
reported as a mechanism of Al resistance. The present work aimed to understand the kinetics of Al-
induced inhibition of root elongation and Al-accumulation in relationship with the dynamic of citrate 
exudation in an effort to identify plant traits related to Al resistance in order to develop efficient 
screening procedures for genetic enhancement of common bean. 
 
Materials and Methods: Three-days old seedlings of an Al-sensitive genotype (VAX-1) and an Al-
resistant genotype (Quimbaya) were grown in nutrient solution containing 5 mM CaCl2, 0.5 mM KCl 
and 8 µM H3BO3 under controlled environmental conditions. After pH adjustment to 4.5 ± 0.1, plants 
were exposed to 0 or 20 µM Al for up to 24 h. Root length was measured through marking of the 
main root 3 cm behind the root tip at the beginning of the treatment. Root Al content was determined 
by GFASS (Analytical Technologies Inc., Cambridge, UK) after wet digestion. For the collection of 
citrate exuded from root apices, 10 intact 5-days-old seedlings were bundled and the tips (1 to 2 cm) 
were incubated for 2 h (during the time of Al exposure up to 25 h) in 10 ml of treatment solution with 
or without 40 µM Al. Citrate content in exudates and root tips was analyzed using isocratic HPLC 
(Kroma System 3000; Kontron Instruments, Munich). 
 
Results: Root growth of both genotypes (Al-resistant and Al-sensitive) was severely inhibited during 
the first 3 to 4 h of Al treatment (Figure 28). Thereafter, both cultivars gradually recovered. However, 
this recovery continued in genotype Quimbaya until the root elongation rate reached the level of the 
control (without Al) while the genotype VAX-1 was increasingly damaged by Al after 12 h of Al 
treatment. After a short recovery period, root elongation of VAX-1 was increasingly inhibited up to 
80% compared to the controls after 24h Al treatment. Enhanced inhibition of root elongation during 
up to 4 h Al treatment was related to high Al contents in root tips of both genotypes (Figure 29). Al 
contents in root tips were even higher in Quimbaya than in VAX-1. Recovery from Al stress was 
reflected by decreasing Al contents. After 24 h Al treatment, the differences between the two 
genotypes observed in root growth were clearly reflected by much higher Al contents in root tips of 
VAX-1 compared to Quimbaya. 
 
Al induced citrate exudation from root tips showed a lag phase of 3 h (VAX-1) to 4 h (Quimbaya). 
Thereafter, citrate exudation increased to a higher rate and remained on that high level in Quimbaya 
whereas it gradually declined in VAX-1 leading to a large difference between the two genotypes after 
24 h Al treatment (Figure 30). Independent of the Al treatment, Quimbaya showed higher citrate 
content in the root tips compared to VAX-1. Citrate content in root tips of both genotypes was slightly 
increased during the first 3 to 5 h of Al treatment (Figure 31). After a marked decrease of citrate 
content in both genotypes, it gradually recovered in Quimbaya by reaching the level of the control 
value while VAX-1 showed a gradual decline until it was not practically detectable with the HPLC.
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Figure 28.  Inhibition of root elongation of two common bean genotypes (Al-resistant Quimbaya and 
 Al-sensitive VAX-1) grown in a solution containing 0.5 mM CaCl2, 0.5 mM KCl and 8 
 µM H3BO3 with or without 20 µM Al for up to 24 h, pH 4.5. Bars are means ± SD of 
 eight replicates. *** Significant at P < 0.0001. 
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Figure 29.  Al contents in 5 mm root tips of two common bean genotypes (Al-resistant Quimbaya and 
 Al-sensitive VAX-1). Plants were grown in a solution containing 0.5 mM CaCl2, 0.5 mM 
 KCl and 8 µM H3BO3 with or without 20 µM Al for up to 24 h, pH 4.5. Bars are means ± 
 SD of four replicates. *** Significant at P < 0.0001. 
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Figure 30. Dynamics of citrate exudation from root tips of two common bean genotypes (Al-
 resistant Quimbaya and Al-sensitive VAX-1) grown over a 25 h period (and root 
 exudates collected and measured for 2 h intervals) in nutrient solution at 0 or 40 µM  Al, pH 
 4.5. Bars with symbols represent the mean ± SD, n = 4. Bars on the top represent the 
 MSD0.05. 
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Figure 31.  Effect of Al treatment on citrate content from root tips of two common bean  genotypes (Al- 
 resistant Quimbaya and Al-sensitive VAX-1) grown over a 25 h period (root tips 
 collected and measured for 2 h intervals) in nutrient solution at 0 or  40 µM Al, pH 4.5. Bars 
 represent the mean ± SD, n = 4. Means showing similar letters are not significantly 
 different at p < 0.05, Tukey-test. Capital letters: differences during the time for 
 Quimbaya. Small letters: differences during the time for VAX-1. 
 
C onclusions:  The results shown here demonstrate that genotypic differences in Al resistance in common 
bean are not constitutive but build up during medium-term exposure of the roots to Al. For this 
acquisition of Al resistance the release of organic acid anions, particularly citrate, but even more 
decisively the maintenance of high internal citrate contents appear to be decisive.  
 
Contributors:  Andrés F. Rangel (Univ. of Hannover, Germany), I. M. Rao (IP-1 Project)  
 and Walter J. Horst (Univ. of Hannover, Germany) 
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1.1.2.4   Development of a greenhouse soil tube method to quantify phenotypic differences  among 
 13 bean genotypes in root development and distribution under individual stress of high 
 aluminum 
 
Rationale: We developed a greenhouse soil tube method to quantify phenotypic differences in root 
development and distribution under simulated soil drying conditions. We adapted this method to test the 
effect of aluminum (Al)-toxic soil conditions on root development and distribution of 13 genotypes that 
were already tested for individual drought stress. Among the 13 genotypes tested included 4 accessions of 
P. coccineus.  
 
Materials and Methods: A greenhouse study was conducted at CIAT - Palmira using an acid soil 
(Oxisol) from Quilichao of Colombia with a bulk density of 1.1 g cm-3. Plants were grown for 34 days in 
small plastic cylinders (80 cm long with 7.5 cm diameter) inserted in PVC tubes from May to June 2007. 
The trial included 13 bean genotypes: BAT 477, BAT 881, DOR 364, G 21212, G 19833, ICA Quimbaya, 
VAX 1, SER 16, G 40159, G 35066 1Q, G 35884 1Q, G 35448 9P and G 35157 3Q to determine 
genotypic differences in root development and distribution under individual stress of high aluminum 
(Table 18). The trial was planted as a randomized complete block design with two levels of Al saturation:  
high aluminum (76% Al saturation in top soil layer and 83% in bottom soil layers) and low aluminum 
(28% in top soil layer and 51% in bottom soil layers) (Table 19). 
 
 
Table 18.  Seed color, seed size, growth habit and other characteristics of the bean genotypes grown in 
 soil tubes in greenhouse, Palmira. 
 
 
Genotype 
 
Seed  
color 
 
100 
seed 
weight 
(g) 
Growth 
habit 
 
Nature 
 
Genus 
 
Species 
 
Origin 
BAT 477 Cream 21.5 3 Inbred line Phaseolus vulgaris Colombia 
BAT 881 Coffee 21.5 2 Inbred line Phaseolus vulgaris Colombia 
DOR 364 Red 23.0 2b Inbred line Phaseolus vulgaris Colombia 
G 21212 Black 29.3 2 Landrace Phaseolus vulgaris Colombia 
G 40159 White 16.4 4 Landrace Phaseolus acutifolius Mexico 
G 19833 Yellow, red 43.0 3 Landrace Phaseolus vulgaris Peru 
G 35066 Cream 91.7 4 Landrace Phaseolus coccineus Mexico 
G 35884 White 133.8 4 Landrace Phaseolus coccineus Macedonia 
G 35448 Black 104.7 4 Landrace Phaseolus coccineus Mexico 
G 35157 Cream 120.3 4 Landrace Phaseolus coccineus Mexico 
ICA Quimbaya Red 59.7 1 Commercial Phaseolus vulgaris Colombia 
SER 16 Red 25.6 2 Inbred line Phaseolus vulgaris Colombia 
VAX 1 Cream 29.4 3 Inbred line Phaseolus vulgaris Colombia 
 
 
Table 19.   Aluminum saturation of an Oxisol from Quilichao in two different soil depths. 
 
 
Al Level 
Depth 
Quilichao 
field (cm) 
Depth Soil 
cylinder (cm) 
 
pH 
Al Saturation  
(%) 
P 
(ppm) 
Organic 
matter 
(%) 
High Al 0 - 10 0 – 10 4.1 76 8.8 6 
High Al 10 - 20 10 – 75 4.1 83 3.3 5 
Low Al 0 - 10 0 – 10 4.4 28 9.7 5.3 
Low Al 10 - 20 10 – 75 4.3 51 4.3 4.5 
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The soil was colleted from Quilichao – Colombia, in two different soils depth 0-10 cm and 10-20 cm, an 
acid soil with high aluminum saturation and another with low aluminum saturation. The soil with low 
aluminum saturation was fertilized with basal level of nutrients (kg/ha of 80 N, 50 P, 100 K, 20 S, 2 Zn, 2 
Cu, 0.1 B and 0.1 Mo). The cylinders were carefully packed, the bottom of the cylinder (10-75 cm) with 
soil from 10-20 cm of Quilichao field; and the top of cylinder (0-10 cm) with soil from 0-10 cm of 
Quilichao field. The plants were established with seed previously germinated on paper. Plants grown 
under optimal soil moisture (80% field capacity) and it was maintained by weighing each cylinder every 
three days and applying water to the soil at the top of the cylinder. Plants were harvested at the age of 34 
days after establishment. 
 
A number of shoot physiological characteristics were measured during the experiment including total 
chlorophyll content (SPAD). At the time of harvest (34 days after establishment), leaf area, shoot biomass 
distribution, and root traits were determined. The soil from the tube was removed and sliced into 6 layers 
(0-5, 5-10, 10-20, 20-40, 40-60 and 60-75). Roots in each soil layer were washed free of soil and root 
length, mean root diameter, specific root length, and root dry weight were determined. Root length and 
mean root diameter were measured with an image analysis system (WinRHIZO, Regent Instruments 
INC). Root weight was determined after roots were dried in an oven at 60 oC for 48 h. Differences in 
rooting among the lines were estimated by using a model of vertical root distribution developed by Gale 
and Grigal (1987), which is based on the following asymptotic equation: 
Y= 1-ßd 
Where Y= the cumulative root biomass or root length fraction (a proportion between 0 and 1) from the 
soil surface to depth d (cm), and ß= the fitted “extinction coefficient”. ß is the only parameter estimated in 
the model. It provides a simple numerical index of the root biomass or root length distribution, where 
high ß values (e.g., 0.98) correspond to a greater proportion of root biomass or root length at depth and 
low ß values (e.g., 0.91) imply a greater proportion of root biomass or root length near to soil surface. 
Analysis of variance was calculated by using the SAS computer program (SAS/STAT, 2001). A 
probability level of 0.05 was considered statistically significant.  
 
Results and Discussion: Significant genotypic differences were observed in terms of biomass production, 
leaf area and root traits for both treatments: high Al and low Al. High Al markedly decreased the biomass 
of leaves, stem and roots of the genotypes tested when compared with low Al level. The four genotypes of 
Phaseolus coccineus G 35448 9P, G 35884 1Q, G 35157 3Q and G 35066 1Q were outstanding in their 
production of total biomass under high Al stress. The genotypes G 40159 (Phaseolus acutifolius) and 
SER 16 showed the lowest total biomass production under high Al stress (Figure 32). Under high Al 
stress the four genotypes of P. coccineus had the highest values of leaf area, G 35884 1Q was the best in 
leaf area production (Table 20).  SER 16 and G 40159 also had the lowest leaf area production.  
 
High Al stress decreased the leaf chlorophyll content at 27 days after planting (Table 20). The genotype G 
40159 had the lowest leaf chlorophyll content at 27 days after planting and G 35448 9P had the highest 
leaf chlorophyll content. Results on total root length showed significant genotypic variation under high Al 
stress (Figure 33). The four P. coccineus genotypes were outstanding in their total root length and also 
these genotypes showed lowest root length inhibition, particularly G 35448 9P, G 35257 3Q and G 35066 
1Q (Figure 34). G 35448 9P was outstanding in root development under high Al stress. The genotypes 
SER 16 and G 40159 showed the lowest root length under high Al stress and with high values of root 
length inhibition (Figure 34). Significant differences were observed in terms of rooting depth at 31 days 
after planting; the genotypes G 35448 9P and Ica Quimbaya were outstanding in their deep root 
development under high Al stress and reached the soil depth of 75 and 69 cm, respectively after 31 days 
of planting (Table 21). The genotypes SER 16 and G 19833 were the poor performers in terms of rooting 
depth by reaching soil depth of 37 and 42 cm, respectively after 31 days of planting under high Al stress.  
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Figure 32.  Dry matter distribution in 13 bean genotypes grown in soil tubes under individual stress of  
  high aluminum.  
 
 
 
Table 20.  Influence of high and low Al saturation in soil on shoot traits of 13 genotypes of 
 bean grown in soil tubes.  
 
 
Genotype 
Leaf chlorophyll 
content (SPAD) 
Leaf area  
(cm2 plant-1) 
Total biomass  
(g plant-1) 
Shoot to root ratio 
High Low High Low High Low High Low 
BAT 477 36.0 39.9 60.1 436.4 0.81 2.79 2.61 3.57 
BAT 881 36.5 36.6 83.2 451.6 0.83 3.23 1.95 2.49 
DOR 364 28.8 35.6 68.4 372.2 0.71 2.32 2.89 3.66 
G 19833 30.0 32.6 71.1 560.0 0.70 2.24 1.52 3.79 
G 21212 29.6 37.1 63.1 615.9 0.69 3.50 1.60 3.15 
G 35066 1Q 28.3 38.6 154.2 225.9 1.54 2.27 2.03 2.14 
G 35157 3Q 28.4 37.0 319.5 414.7 2.41 3.09 2.94 3.48 
G 35448 9P 38.1 40.1 284.5 450.7 2.53 3.29 1.87 1.87 
G 35884 1Q 36.3 38.4 387.8 869.2 2.43 4.69 3.77 3.24 
G 40159 17.6 41.9 18.9 388.8 0.20 2.10 2.81 3.90 
I. Quimbaya 36.4 38.7 142.5 499.2 1.19 3.39 2.07 3.00 
SER 16 29.8 39.2 58.7 504.3 0.59 3.25 2.79 4.06 
VAX 1 32.4 37.0 101.7 347.8 0.82 2.07 2.11 3.00 
Mean 31.4 37.9 139.5 472.0 1.2 2.9 2.4 3.2 
LSD0.05 NS NS 102*** 294* 0.72*** 1.22** 0.90** 1.0* 
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Figure 33. Influence of high and low aluminum saturation in soil on total root length in 13 
 genotypes of bean grown in soil tubes.  
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Figure 34.  Root length inhibition of 13 genotypes of bean under high Al stress grown in soil tubes.  
 
 42 
 
Table 21. Influence of high and low Al saturation in soil on rooting depth during active  growth 
 and development of 13 genotypes of bean grown in soil tubes. (d.a.p. = days after 
 planting). 
 
 
Genotype 
Rooting depth at 10 
d.a.p. (cm) 
Rooting depth at 14 
d.a.p. (cm) 
Rooting depth at 22 
d.a.p. (cm) 
Rooting depth at 31 
d.a.p. (cm) 
High Low High Low High Low High Low 
BAT 477 14 18 23 30 39 51 51 65 
BAT 881 21 21 30 33 46 43 58 50 
DOR 364 16 15 25 27 37 56 44 69 
G 19833 5 16 13 23 29 42 42 50 
G 21212 15 17 27 33 45 64 60 75 
G 35066 1Q 10 10 19 18 45 41 54 53 
G 35157 3Q 8 6 16 17 47 49 61 67 
G 35448 9P 16 13 30 26 61 54 75 71 
G 35884 1Q 6 12 13 22 43 52 53 70 
G 40159 20 24 25 33 37 53 48 71 
I. Quimbaya 18 22 28 33 55 63 69 75 
SER 16 12 24 18 38 29 49 37 68 
VAX 1 16 16 23 24 39 55 54 75 
Mean 14 16 22 27 42 52 54 66 
LSD0.05 7.4** 10.3* 8.1** 10.6* 14.9* NS 14.9** NS 
 
 
Significant genotypic differences were observed in specific root length under low and high Al conditions 
(Figure 35). The genotype G 40159 (P. acutifolius) was outstanding in production of fine roots under both 
low and high Al conditions by showing the highest values of specific root length. Under high Al stress G 
19833 and ICA Quimbaya developed thick roots, while in low Al conditions the four genotypes of P. 
coccineus had thicker roots as revealed by the lowest values of specific root length (Figure 35). 
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Figure 35. Influence of high and low aluminum saturation in soil on specific root length of 13 
 genotypes of bean grown in soil tubes.  
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Significant differences in root length distribution across the soil depth under individual stress of high Al 
were observed in all soil depths in both Al levels (Figure 36). The genotypes G 35157 3Q and G 35066 
1Q had greater root length in the soil depth of 0-5 cm with 16 and 14 m plant-1, respectively. G 40159 and 
ICA Quimbaya had the lowest root length in the soil depth of 0-5 cm soil depth with 1.6 and 3.1 m plant-1, 
respectively. In the soil depth of 60-75 cm G 35448 9P and G 35157 3Q were outstanding in their 
production of root length with 9.8 and 3 m plant-1, respectively while genotypes like G 40159, SER 16 
and DOR 364 did not develop any roots at this soil depth under high Al stress.  
 
Results on extinction coefficient ß in terms of length and root biomass showed significant differences 
under both high and low Al conditions (Table 22). Under high Al conditions the genotypes G 35448 9Q, 
ICA Quimbaya and G 35157 3Q presented highest values of ß with 0.97, 0.95 and 0.95, respectively for 
root length and the same values for root biomass, indicating that these genotypes have greater proportion 
of root length and root biomass at depth. But genotypes G 40159, VAX 1 and SER 16 showed the lowest 
values of ß with 0.93, 0.92 and 0.92 respectively for root length and 0.93, 0.93 and 0.92 for root biomass, 
respectively indicating that these genotypes have greater proportion of root biomass or root length in top 
soil layers. Under low Al conditions the genotypes G 35448 9P, G 40159 and ICA Quimbaya had the 
highest values of ß with 0.97 for root length and 0.97 for root biomass. G 35066 1Q showed the lowest 
values of ß with 0.94 for root length and 0.94 for root biomass. 
 
Table 22.  Influence of high and low aluminum saturation in soil on root trails in 13 genotypes  
 of bean grown in soil tubes. 
 
 
Genotype 
Mean root diameter 
(mm) 
Root volume 
 (cm3) 
Root length 
extinction coefficient 
Root biomass 
extinction 
coefficient 
High Low High Low High Low High Low 
BAT 477 0.32 0.31 2.03 6.29 0.94 0.96 0.94 0.96 
BAT 881 0.31 0.32 2.50 7.75 0.95 0.96 0.95 0.96 
DOR 364 0.25 0.32 1.49 4.40 0.92 0.95 0.93 0.95 
G 19833 0.39 0.31 2.17 4.52 0.92 0.95 0.93 0.95 
G 21212 0.33 0.33 2.36 7.98 0.95 0.96 0.95 0.96 
G 35066 1Q 0.32 0.31 4.85 7.51 0.94 0.94 0.94 0.94 
G 35157 3Q 0.34 0.38 6.49 7.55 0.95 0.95 0.95 0.95 
G 35448 9P 0.34 0.46 7.59 13.61 0.97 0.97 0.97 0.97 
G 35884 1Q 0.34 0.44 5.01 11.51 0.94 0.95 0.95 0.96 
G 40159 0.23 0.30 0.49 4.02 0.93 0.97 0.93 0.97 
I. Quimbaya 0.33 0.34 3.06 7.55 0.96 0.97 0.96 0.97 
SER 16 0.22 0.31 1.16 5.85 0.92 0.96 0.92 0.96 
VAX 1 0.31 0.31 2.13 5.02 0.92 0.96 0.93 0.96 
Mean 0.31 0.34 3.18 7.20 0.94 0.96 0.94 0.96 
LSD0.05 0.07** 0.05*** 2.1*** 3.0*** 0.02*** 0.008*** 0.02** 0.008*** 
 
 
Conclusions: Greenhouse evaluation to quantify phenotypic differences among 13 bean genotypes in root 
development and distribution under individual stress of high aluminum resulted in identification of two 
genotypes of Phaseolus coccineus G 35448 9P and G 35157 3Q that were superior in their root 
development. These genotypes also were superior in their production of total biomass. The genotypes G 
40159 (P. acutifolius) and SER 16 were identified as susceptible to high Al. These genotypes had the 
poorest total root length and total biomass under high Al stress. In previous field and greenhouse 
evaluations, SER 16 was identified as drought resistant with greater ability for photosynthate mobilization 
to pod and to grain together with good root development under drought stress.  
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Figure 36. Influence of high and low Al saturation in soil on root length distribution across soil depth 
in 13 genotypes of bean grown in plastic cylinders. Palmira 2007. Total root length values 
across soil depth are indicated for high and low Al treatments. 
 
 
Contributors: J. Polanía, R. Garcia, S. Beebe and I. M. Rao 
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1.1.3  Drought and aluminum resistance 
 
1.1.3.1 Phenotypic differences between two advanced lines in root development and  distribution 
 under individual and combined stress of high aluminum and drought 
 
Rationale: In 2006, we reported on development of a greenhouse soil tube method to quantify phenotypic 
differences in root growth and development under intermittent or terminal drought stress conditions. In 
2007, we adapted this method to quantify phenotypic differences in root growth and development under 
individual and combined stress factors of drought and aluminum toxicity. 
 
Materials and Methods: A greenhouse study was conducted at CIAT - Palmira using an acid soil 
(Oxisol) from Quilichao of Colombia with a bulk density of 1.1 g cm-3. Plants were grown for 45 days in 
small plastic cylinders (80 cm long with 7.5 cm diameter) inserted in PVC tubes from August to 
September 2006. The trial included 2 advanced lines (BAT 477 and DOR 364) to determinate genotypic 
differences in root development and distribution under individual and combined stress of high aluminum 
and drought. The trial was planted as a randomized complete block design with three levels of water 
supply: 100% field capacity (well watered), 40% field capacity (intermittent drought) and withholding of 
watering (terminal drought); and three levels of Al saturation:  high aluminum (62% Al saturation in top 
soil layer and 72% in bottom soil layers), medium aluminum (45% in top and 35% bottom) and low 
aluminum saturation (12% in top and 30% in bottom). 
 
The soil was colleted from an acid soil site, Quilichao, Colombia, in two different soil depths (0-10 cm 
and 10-20 cm). The three levels of Al saturation were obtained by applying different quantities of lime 
and incubating the soil for 1 month. Soil characteristics with different levels of aluminum saturation are 
shown in Table 23. The cylinders were carefully packed with soil. The bottom of the cylinder (10-65 cm) 
was packed with 3000 g of subsoil (10-20 cm of soil profile of Quilichao). The top of the cylinder (0-10 
cm) was packed with 500 g of top soil (0-10 cm of soil profile of Quilichao). The soil was fertilized with 
basal level of nutrients (kg/ha of 80 N, 50 P, 100 K, 20 S, 2 Zn, 2 Cu, 0.1 B and 0.1 Mo). Treatments of 
water stress were imposed after 10 days of initial growth of plants that were established with seed. The 
initial soil moisture for the three treatments was of 100% field capacity. Plants with well-watered 
treatment were maintained by weighing each cylinder every two days and applying water to the soil at the 
top of the cylinder. Plants with intermittent drought (40% field capacity) treatment were maintained by 
weighing each cylinder every two days and applying water to the soil at the top of the cylinder. Plants 
with terminal drought were monitored for water stress by weighing each cylinder every two days for 
determination of decrease in soil moisture. Plants were harvested at the age of 45 days after 
establishment, i.e., 35 days of withholding of water application. 
 
Table 23.  Aluminum saturation of an Oxisol from Quilichao at two different soil depths and with three 
 levels of lime application. 
Lime 
Application 
(ton ha-1) 
Al Level Soil Depth 
(cm) 
pH AL  Ca  Mg  K  Al 
Saturation 
(%) 
(cmolc/kg soil) 
0 High 0 to 10 4.04 3.48 1.59 0.35 0.24 62 
0.5 Medium 0 to 10 4.37 2.53 2.16 0.71 0.24 45 
2 Low 0 to 10 4.93 0.77 3.70 1.43 0.22 12 
0 High 10 to 20 3.83 3.97 1.19 0.28 0.12 72 
1 Medium 10 to 20 4.25 2.20 2.35 1.59 0.11 35 
2 Low 10 to 20 4.53 1.13 2.76 1.65 0.11 30 
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Changes in total chlorophyll content (SPAD) were monitored during the experiment. At the time of 
harvest (45 days after establishment; 35 days of water stress treatment), leaf area, shoot biomass 
distribution, and root traits were determined. The soil from the tube was removed and sliced into 6 layers 
(0-5, 5-10, 10-20, 20-40, 40-60 and 60-75 cm). Roots in each soil layer were washed free of soil and root 
length, fine root proportion (between 0 and 0.5 mm of diameter), mean root diameter, specific root length, 
and root dry weight were determined. Root length and mean root diameter were measured with an image 
analysis system (WinRHIZO V. 2003b). Root weight was determined after roots were dried in an oven at 
60 oC for 48 h.  
 
Results and Discussion: The initial soil moisture level for three treatments was of 100% field capacity. 
Plants with well watered (control) treatment were maintained by weighing each cylinder every two days 
and applying water to the soil at the top of the cylinder. After 10 days plants with intermittent drought 
were left without irrigation until the soil moisture reached the 40% field capacity and maintained this 
level by applying water to the top of the cylinder, but it was not needed because at 35 days without 
irrigation the soil moisture was of 62% of field capacity. The cylinders with terminal drought treatment 
were weighed at every two day intervals and soil moisture content was determined until harvest time. The 
mean value of soil moisture at the time of harvest (at 45 days after planting) was at 62% of field capacity 
and this value is similar for both terminal and intermittent drought stress treatments (Figure 37). No 
significant genotypic differences were observed in terms of biomass production, leaf area and root traits 
in three treatments: control, intermittent and terminal water stress conditions. However individual and 
combined stress conditions markedly decreased the biomass of leaves, stem and roots of 2 genotypes 
tested when compared with well-watered treatment and low Al level (without stress)  (Figure 38). 
Although there were no significant differences between the two lines at each level of Al saturation and 
water supply, the total biomass production under individual stress by drought (low Al and terminal 
drought) was relatively less affected for the line BAT 477 (Figure 38), this line had the same performance 
with individual stress by high aluminum (high aluminum and well watered) and with combined stress of 
high aluminum and drought (high aluminum and terminal drought). 
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Figure 37. Soil moisture (field capacity), maximum and minimum temperatures during soil drying and 
 root development in the soil tubes in greenhouse. 
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Figure 38. Dry matter distribution in two advanced lines of common bean grown in soil tubes under 
 individual and combined stress of high aluminum and drought.  
 
Water stress increased the leaf chlorophyll content of the two lines while Al stress decreased the leaf 
chlorophyll content (Table 24). BAT 477 in all the treatments showed higher values of leaf chlorophyll 
content. Leaf area values under terminal water stress simulation (low aluminum and terminal drought) 
and high Al stress (high aluminum and well watered) were greater for BAT 477 than DOR 364 indicating 
that the line BAT 477 had a better vigor under individual stress. Results on total root length didn’t show 
significant genotypic differences under both individual and combined stress treatments (Figure 39). The 
line BAT 477 was not only markedly superior in its total root length but also had lower values of specific 
root length under both high aluminum and under combined drought and high Al stress. But BAT 477 
showed higher values of specific root length under individual drought stress indicating the development 
of slightly thicker roots (Table 25).  
 
Differences between the two genotypes in root length distribution across the soil depth under individual 
and combined stress were observed particularly for subsoil layers, 20-40, 40-60 and 60-75 cm (Figure 
40). BAT 477 had greater root length in each individual and combined stress conditions. BAT 477 also 
was outstanding in the development of deep roots. This line put more roots in terms of root length and 
root biomass in deeper soil layer of 60-75 cm. BAT 477 was better adapted to Al stress than DOR 364 
and the difference between the two was even more marked with drought stress. 
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Table 24.  Influence of three levels of aluminum saturation in soil and three levels of water 
 supply on shoot traits of BAT 477 and DOR 364 grown in soil tubes. 
 
Al level Water level Genotype Leaf 
chlorophyll 
content 
(SPAD) 
Leaf area  
(cm2 
plant-1) 
Root 
biomass  
(g plant-1) 
Shoot 
biomass  
(g plant-1) 
 
 
High Al 
Well watered BAT 477 27 84.8 0.32 0.86 
DOR 364 30 70.3 0.21 0.75 
Intermittent 
drought 
BAT 477 35 61.0 0.40 1.05 
DOR 364 30 64.9 0.29 0.83 
Terminal 
drought 
BAT 477 34 62.5 0.35 0.97 
DOR 364 27 46.8 0.22 0.60 
 
 
Medium Al 
Well watered BAT 477 42 414.0 0.57 2.61 
DOR 364 36 124.6 0.30 1.27 
Intermittent 
drought 
BAT 477 38 49.8 0.40 1.15 
DOR 364 32 58.9 0.31 0.98 
Terminal 
drought 
BAT 477 37 32.0 0.37 0.94 
DOR 364 30 59.2 0.29 1.03 
 
 
Low Al 
Well watered BAT 477 41 287.1 0.61 2.35 
DOR 364 39 431.9 0.60 3.42 
Intermittent 
drought 
BAT 477 41 0 0.41 1.10 
DOR 364 38 63.5 0.30 1.10 
Terminal 
drought 
BAT 477 40 123.6 0.52 1.33 
DOR 364 37 78.8 0.40 1.24 
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Figure 39.  Influence of three levels of aluminum saturation in soil and three levels of water supply on 
total root length in BAT 477 and DOR 364 grown in soil tubes. 
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Table 25. Influence of three levels of aluminum saturation in soil and three levels of water supply on 
 root traits of BAT 477 and DOR 364 grown in soil tubes. 
 
 
Al level 
 
Water level 
 
Genotype 
Root length 
(m plant-1) 
Mean root 
diameter 
(mm) 
 
Root volume 
(cm3 plant-1) 
Specific 
root length 
 (m g-1) 
Fine root 
proportion  
(%) 
 
 
High Al 
Well 
watered 
BAT 477 35.2 0.25 2.32 108 91 
DOR 364 23.9 0.27 1.39 113 93 
Intermittent 
drought 
BAT 477 39.4 0.30 2.76 98 91 
DOR 364 28.6 0.28 1.82 98 92 
Terminal 
drought 
BAT 477 33.1 0.28 2.21 93 92 
DOR 364 21.1 0.24 1.38 97 92 
 
 
Medium 
Al 
Well 
watered 
BAT 477 72.2 0.28 4.42 127 93 
DOR 364 39.8 0.25 1.92 134 96 
Intermittent 
drought 
BAT 477 47.0 0.27 2.60 118 94 
DOR 364 38.3 0.26 2.06 126 94 
Terminal 
drought 
BAT 477 43.3 0.27 2.56 117 92 
DOR 364 33.5 0.26 1.83 115 94 
 
 
Low Al 
Well 
watered 
BAT 477 76.3 0.27 4.49 126 93 
DOR 364 69.2 0.28 4.18 116 93 
Intermittent 
drought 
BAT 477 52.2 0.26 2.87 127 94 
DOR 364 36.9 0.26 2.03 122 94 
Terminal 
drought 
BAT 477 62.3 0.27 3.64 120 93 
DOR 364 43.3 0.27 2.44 110 93 
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Figure 40. Influence of three levels of aluminum saturation in soil and three levels of water supply on 
root length distribution across soil depth in BAT 477 and DOR 364 grown in soil tubes. 
Total root length values across soil depth are indicated for different Al stress treatments. 
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Conclusions: Greenhouse evaluation to quantify phenotypic differences among two advanced lines (BAT 
477 and DOR 364) in root development and distribution under individual and combined stress of high 
aluminum and drought indicated that the line BAT 477 was superior in its root development under both 
individual and combined stress of Al and drought. This method will be used to evaluate RILs of the cross 
between P. coccineus and P. vulgaris. 
 
Contributors: J. Polanía, R. Garcia, S. Beebe and I. M. Rao 
 
1.1.4  Tolerance to low phosphorus availability 
  
1.1.4.1   Developing lines with improved tolerance to low soil fertility 
 
Rationale:  Abiotic stress factors that affect yield of common bean often occur in combination, resulting 
in far greater losses to farmers. Low availability of soil phosphorus (P) affects a large proportion of 
tropical soils where beans are cultivated. Combining tolerance to low soil P and resistance to drought is a 
particular challenge given that both are quantitative traits.  Furthermore, there may be some mutually 
exclusive traits (deep rooting for drought resistance; shallow rooting for P acquisition) that make 
combined resistance physiologically impractical, at least for those specific traits.  
 
Materials and Methods:  Crosses were created between sources of low P tolerance (BFB 142, G19862, 
G19073) and sources of drought resistance (SXB 123, SXB 125, SEN 22, SER 12).  Crosses were created 
and selected originally in Popayán (1700 masl) for bush type beans (types 2 and 3) although parental 
materials included highland climbing bean parents (G19862, G19073). G19862 pertains to the Andean 
gene pool, while G19073 is a Mexican race Jalisco accession. Crosses among bush beans were selected in 
Quilichao (1000 masl).  Forty-three lines were organized in a 7x7 lattice together with four elite checks 
and two checks that are sensitive to abiotic stress (BAT 881 and Tio Canela). F2-derived and F3-derived 
F6 families were yield tested in four different environments: in Quilichao, in Popayán, and in Darién with 
limitations of available soil P; and in CIAT-Palmira under drought and with irrigation in the June planting 
season. Last year we reported on yield performance in 2006 in Quilichao. We complement those data with 
results of four more trials this year, and the combined analysis.   
 
A small selection of drought resistant lines were planted under moderate phosphorus stress in Darién, next 
to the trial described above.  These lines had shown promising response to low P in a previous trial (see 
IP-1 report, 2006), and thus this trial served as a confirmation of those observations. SER 119 served as a 
common elite line that had presented excellent yield under moderate P stress, with which to compare 
across trials (see IP-1 2006 report, p 13).  
 
Results and Discussions:  Several lines exceeded the check line BAT 881 amply under low P in Darién 
and in Quilichao in two seasons (Table 26).  Nine of these also yielded significantly more than BAT 881 
in the drought trial, by as much as 63%.  SB 14999-17C-MQ-MQ-MC-MQ (BFB142 x SEN 22) averaged 
2247 kg ha-1 over all five trials, compared to 1371 kg ha-1 for BAT 881. These results indicate the 
potential for improved resistance to multiple abiotic stress in common bean.  
 
Among the drought resistant lines in the confirmatory trial, five yielded as well as SER 119 in this trial: 
NCB 280, SXB 405, SXB 409, SXB 412, and SER 51 (Table 27). Coupled with their drought resistance 
reported in 2006 (p 9-12), this performance suggests a degree of multiple stress resistance in these lines.  
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Table 26. Yield of lines selected for low P tolerance in one environment in 2006 and four 
 environments in 2007, including conditions of low P, drought, and irrigated unstressed 
 conditions.  
  
  Col. Comb.  Q06B P06B D07A Q07A C07C-Sx C07C-
Irrigat. 
SB 14999 BFB  142xSEN   22/-17C-MQ-
MQ-MC-MQ 
Bl 2247* 2314* 963 2653* 2685* 1676* 3016* 
SB 14999 BFB  142xSEN   22/-11C-MQ-
MQ-MC-MQ 
Bl 2224* 1849* 1942* 2309* 2511* 1744* 3004* 
Check SER  118 Red 1984* 1452 1039 2433* 2764* 1665* 2550 
SB 14966 BFB  142xSER   12/-15C-MQ-
MQ-MC-MQ 
Red 1963* 1954* 1016 2242* 2047* 1734* 2770* 
SB 14966 BFB  142xSER   12/-6C-MQ-
MQ-MC-MQ 
Red 1915* 1735 1256* 1931 2256* 1509 2519 
Check NCB  226 Bl 1911* 1478 886 2236* 1993* 2178* 2850* 
Test G 21212 Bl 1894* 1656 1485* 2290* 2046* 1466 2528 
SB 14966 BFB  142xSER   12/-3C-MQ-
MQ-MC-MQ 
Rj 1894* 1737 1165 2231* 2105* 1639* 2483 
SB 15240-23 G 19073 X (SXB  123xG 
19862)F1/-MP-4P-MQ-MC-
MQ 
Cr 1885* 1885* 1343* 2292* 1834* 1432 2389 
DSBZ 15238-
01 
EAP 9653-16B-1 X (SXB  
123xG 19862)F1/-MP-4Q-
MQ-MC-MQ 
Red 1855* 1774* 1086 1872 2070* 1702* 2620 
SB 14966 BFB  142xSER   12/-7C-MQ-
MQ-MC-MQ 
Red 1831* 1493 1245* 2053 1974* 1380 2538 
SB 14999 BFB  142xSEN   22/-9C-MQ-
MQ-MC-MQ 
Ne 1821* 1799* 1179 2335* 1847* 1573 2281 
SB 14966 BFB  142xSER   12/-1C-MQ-
MQ-MC-MQ 
Red 1776* 1339 1163 1830 2339* 1524 2359 
SB 15240-23 G 19073 X (SXB  123xG 
19862)F1/-MP-2P-MQ-MC-
MQ 
Red 1758* 1607 1207 2025 2110* 1377 2304 
SB 15240-23 G 19073 X (SXB  123xG 
19862)F1/-MP-3P-MQ-MC-
MQ 
Var. 1729* 1497 1484* 1694 1537* 1346 2598 
SB 15240-15 G 19073 X (SXB  123xG 
19862)F1/-MP-6P-MQ-MC-
MQ 
Var. 1716* 1362 1431* 2024 1695* 1035 2334 
SB 15240-15 G 19073 X (SXB  123xG 
19862)F1/-MP-11Q-MQ-MC-
MQ 
Var. 1711* 1480 1204 1682 1880* 1309 2442 
SB 15240-23 G 19073 X (SXB  123xG 
19862)F1/-MP-3Q-MQ-MC-
MQ 
Var. 1664* 1655 1070 1810 1791* 1293 2386 
Check A    774 Cr 1658* 1228 989 2126 1852* 1804* 2294 
DSBZ 15241-
38 
TIO CANELA 75 X (SXB  
125xG 19862)F1/-MP-3Q-
MQ-MC-MQ 
Red 1616* 1308 1279* 1785 1848* 1380 2160 
Check BAT 881  1371 1282 618 1683 1210 1332 2201 
 LSD  215 477 627 545 426 294 477 
* Significantly higher than sensitive check at P=0.05 level of confidence.  
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Table 27.   Drought resistant lines evaluated under moderate phosphorus stress in Darién, 2007A.  
 
Line Yield (kg ha-1) 
NCB  280 2479 
SXB  405 2472 
SXB  409 2409 
SXB  412 2340 
SER   51 2280 
SER  119 2116 
SER  128 1678 
LSD (0.05) 540 
 
When considered as a whole, lines with a degree of multiple abiotic stress resistance present fairly broad 
genetic diversity among. Lines carry parental materials as diverse as G 19862 (an Andean climber), G 
21212 (a Mesoamerican bush bean), and derivatives of carioca types, which typically are superior in low 
fertility. While maximizing resistance to multiple abiotic stress will be a long task, these lines suggest that 
this is not an impractical breeding objective for common bean.  
 
Contributors: S. Beebe, C. Cajiao, M.A. Grajales and J.B. Cuasquer 
 
1.1.4.2   Identification of drought resistant lines with superior yield on a low P soil 
 
Rationale: As noted above, abiotic stress factors that affect yield of common bean often occur in 
combination, resulting in far greater losses to farmers. We have reported extensively on the development 
of drought resistant lines over the past six years. However, the expression of drought resistance depends 
in part on adequate vegetative vigor and accumulation of biomass. If biomass accumulation is limited by 
soil fertility, drought resistance may not be expressed, even if the respective drought resistance genes are 
present. Phosphorus is the most widespread limiting nutrient for bean production in the tropics. Thus, 
some degree of tolerance to low soil P availability will be needed in many bean producing areas where 
low soil fertility and drought coincide. The present trial was carried out to identify drought resistant lines 
with enhanced tolerance to low soil P.  
 
Materials and Methods: Drought resistant lines from the CIAT breeding program were selected for 
planting at a low phosphorus site in Darién, Colombia (1450 masl). Low P is the only significant abiotic 
constraint at this site. One hundred seventy-seven lines were planted in two-row plots 5 m long, and with 
two repetitions, with a plot of a low P sensitive check, ‘Tio Canela,’ planted every 5 materials throughout 
the field. Native soil P is in the range of 2 mg kg-1, and additional P was applied manually as TSP in band 
at a rate of 10 kg P ha-1
 
. Yield was measured on the two rows of all plots, and yields of test materials were 
adjusted relative to the check by subtracting the average yield of the two nearest check plots. This created 
an ‘index’ of low P tolerance, which was simply the difference between the yield of the test line and the 
respective checks. This system was used to adjust for natural gradients in P within the field.  Both 
unadjusted and adjusted yields were analyzed to detect significant differences among materials. Since the 
adjustment essentially sets the check yield at zero, materials with an index equal to the LSD yielded 
significantly more than the checks.  
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Results and Discussion: The ANOVA did not detect any significant differences among materials based 
on unadjusted yields. However, highly significant differences were detected when the adjusted yields 
were used, validating the utility of this system where soil gradients exist.  
 
All lines tested in the present trial had expressed some level of drought resistance. In 2006 drought yields 
were reported for the most promising materials under drought. Even among this subset of drought 
resistant lines, several also did especially well under low P conditions in the present trial. Of these lines, 
SXB’s 403, 405, 409, 410, 412, 414, 418, and SER’s 112, 118, and 128 presented a wide advantage over 
checks in drought yield, and also yielded especially well in the present trial (Table 28).  Most superior 
lines were derived from the carioca or mulatinho classes (SXB lines) although several small red (SER) 
lines also expressed potential.  In other trials, black seeded (NCB) lines also yielded well under P stress. 
These results bode well for the potential to develop beans with multiple stress resistance.  
 
 
Table 28. Drought resistant lines that significantly outyielded the check cultivar Tio Canela under low 
 phosphorus conditions in Darién, when yields were adjusted in relation to two nearby check 
 plots.  
 
Line Yield (kg ha-1 Yield adjusted for checks  
(kg ha
) 
-1
SXB  410 
) 
1777 1210 
SER  118 1810 1189 
SXB  414 1735 1168 
SXB  401 1670 1041 
SXB  411 1606 1039 
SXB  412 1583 1016 
SXB  402 1616 986 
SXB  413 1549 982 
SXB  409 1537 971 
SXB  408 1471 904 
SXB  418 1347 861 
SXB  403 1458 828 
SXB  400 1455 826 
SER  128 1512 819 
SXB  417 1270 783 
SER  112 1323 760 
SXB  405 1374 744 
SER  111 1303 740 
SXB  404 1369 739 
RCB 273 1367 728 
 
 
 
Collaborators: S. Beebe, I. Rao and M.A. Grajales 
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Progress towards achieving output milestones: 
 
 10 lines combining drought and low fertility tolerance confirmed, beating checks by 40% under 
each stress. 
 
• Several advanced lines that showed greater plant efficiency under major abiotic stress conditions 
(drought, low P, Al toxicity) are being used in the breeding program to combine with biotic stress 
adaptation and commercial grain type. 
 
• Several advanced lines with superior adaptation to abiotic constraints are being evaluated with 
partners in Africa and Latin America. 
 
• Greenhouse screening methods were developed and implemented for phenotypic characterization 
for resistance to aluminum using simple nutrient solution and resistance to terminal drought and 
aluminum using soil tubes.  
 
• Recombinant inbred lines (RILs) are being evaluated to identify quantitative trait loci (QTLs) and 
candidate genes for further use in marker assisted selection for improving abiotic stress 
adaptation. 
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Activity 1.2   Developing germplasm with multiple resistance to diseases 
 
Highlights: 
 
• Nineteen out of 103 lines evaluated for BCMNV were found to have either recessive genes for 
resistance, probably bc-3, or protected I gene.  
• Drought resistance was confirmed in lines with excellent red color and recessive resistance to 
BCMNV.  
• The new biotype (B) of the whitefly species Bemisia tabaci transmitted the Bean leaf crumple 
virus at a frequency of 4.9% in six different biological transmission tests, as compared to a 26.6% 
incidence for the A biotype. 
• We identified 5 interspecific lines that combine resistance to three soil borne (Rhizoctonia solani, 
macrophomina phaseolina and Sclerotium rolfsii), and three foliar (common bacterial blight, 
anthracnose and angular leaf spot) diseases. 
 
1.2.1 Resistance to viruses 
 
1.2.1.1  Bean common mosaic/necrosis viruses 
 
All advanced lines produced by CIAT are expected to possess resistance to bean common mosaic and 
bean common mosaic necrosis viruses. This activity includes lines improved for their resistance to abiotic 
stress, such as drought. This year, 103 drought materials (F5-F8 populations) were evaluated for their 
reaction to Bean common mosaic virus (BCMV) and Bean common mosaic necrosis virus (BCMNV). 
Nineteen of these materials showed the presence of recessive genes, probably bc-3 or protected I gene 
that confer resistance to all virus strains. Approximately 60% of the materials possessed monogenic 
dominant resistance (susceptible to necrosis), and 25% of the materials segregated for the I gene. Fully 
susceptible (I+ I+)  materials were not observed in these inoculations.  
 
1.2.1.2  Combining drought resistance with recessive resistance to BCMNV 
 
Rationale: In past years we have explained the necessity of employing the bc-3 gene for resistance to 
BCMNV and BCMV. This gene presents two important advantages compared to the widely used I gene. 
It is not linked to genes for unfavorable seed color (important for commercial markets in Central 
America), and it confers resistance to necrotic strains of the virus, now designated BCMNV (widespread 
in Africa).    
 
Materials and Methods: A sources combining bc-3 and drought, NCB 228, was crossed with a source of 
bc-3 with commercial red color. This F1 was crossed onto SXB 244, another source of drought resistance 
but with darker red color. After selection as F3.5 families in 2006, individual selections were taken to 
purify lines. These were planted in a 6x6 lattice design in the drought nursery in the June planting, as two-
row plots in three repetitions.  
  
Results and Discussions: As reported in section 1.1, drought in this season was moderate, reflected in the 
yields of Tio Canela (1964 kg ha-1) and SER 16 (1833 kg ha-1) (Table 29).  Thus yields reflect yield 
potential in favorable conditions as much as drought resistance per se.  In this context, several lines 
outyielded both SER 16 and Tio Canela. Some lines had already been selected for crossing, and among 
the four best lines that beat Tio Canela significantly, three had been selected previously:  RCB 588, 590 
and 591. This indicates that there was consistency between results in 2006 and 2007; that materials that 
entered into crosses were in fact superior; and that promising populations derived from these crosses and 
with the bc-3 gene will be forthcoming.  
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Table 29.    Yield (kg/ha) of red-seeded lines selected for drought and carrying the bc-3 gene.  
 
Cross code Parents Line 
Yield  
(kg ha-1) 
15367-38-MC-5P-MQ-3C-MC (NCB  228xRCB  224)F1xSXB  244 RCB  588 2388 
15367-4-MC-24P-MQ-8C-MC (NCB  228xRCB  224)F1xSXB  244  2363 
15367-38-MC-5P-MQ-8C-MC (NCB  228xRCB  224)F1xSXB  244 RCB  590 2282 
15367-4-MC-24P-MQ-1C-MC (NCB  228xRCB  224)F1xSXB  244 RCB  591 2248 
15367-4-MC-16P-MQ-1C-MC (NCB  228xRCB  224)F1xSXB  244  2207 
15367-38-MC-5P-MQ-12C-MC (NCB  228xRCB  224)F1xSXB  244  2197 
15367-4-MC-16P-MQ-11C-MC (NCB  228xRCB  224)F1xSXB  244  2179 
15367-38-MC-5P-MQ-1C-MC (NCB  228xRCB  224)F1xSXB  244  2119 
15367-4-MC-24P-MQ-2C-MC (NCB  228xRCB  224)F1xSXB  244 RCB  592 2099 
15452-16-MC-18P-MQ-5C-MC (RIB   68xRCB  224)F1xSXB  244  2081 
15367-38-MC-5P-MQ-15C-MC (NCB  228xRCB  224)F1xSXB  244  2066 
15367-38-MC-19P-MQ-11C-MC (NCB  228xRCB  224)F1xSXB  244  2041 
15367-4-MC-24P-MQ-4C-MC (NCB  228xRCB  224)F1xSXB  244 RCB  593 2037 
15367-48-MC-14P-MQ-13C-MC (NCB  228xRCB  224)F1xSXB  244  2028 
15367-4-MC-16P-MQ-7C-MC (NCB  228xRCB  224)F1xSXB  244  2026 
15452-16-MC-18P-MQ-12C-MC (RIB   68xRCB  224)F1xSXB  244  2015 
15367-4-MC-16P-MQ-9C-MC (NCB  228xRCB  224)F1xSXB  244  2014 
15452-16-MC-18P-MQ-13C-MC (RIB   68xRCB  224)F1xSXB  244  1997 
15452-16-MC-18P-MQ-8C-MC (RIB   68xRCB  224)F1xSXB  244  1975 
TIO CANELA 75 TIO CANELA 75  1964 
15452-16-MC-18P-MQ-9C-MC (RIB   68xRCB  224)F1xSXB  244  1959 
15355-13-MC-8P-MQ-3C-MC (RCB  224xRCB  225)F1xSXB  256  1953 
15367-4-MC-16P-MQ-12C-MC (NCB  228xRCB  224)F1xSXB  244  1941 
15367-38-MC-5P-MQ-4C-MC (NCB  228xRCB  224)F1xSXB  244 RCB  589 1935 
15452-16-MC-18P-MQ-7C-MC (RIB   68xRCB  224)F1xSXB  244  1929 
15367-48-MC-8P-MQ-4C-MC (NCB  228xRCB  224)F1xSXB  244  1907 
15367-4-MC-24P-MQ-11C-MC (NCB  228xRCB  224)F1xSXB  244  1902 
15367-4-MC-16P-MQ-4C-MC (NCB  228xRCB  224)F1xSXB  244  1873 
15355-13-MC-8P-MQ-4C-MC (RCB  224xRCB  225)F1xSXB  256  1840 
SER   16   1833 
LSD (0.05)   248 
 
Contributors: S. Beebe, F.J. Morales, M.A. Grajales and M. Castaño 
 
 
1.2.1.3  Bean golden yellow mosaic virus 
 
Bean golden yellow mosaic virus (BGYMV) is still the number one biotic constraint to bean production 
in Mesoamerica, including the Caribbean Region. So far, over 25 years of research at CIAT and in 
collaborating national programs has paid off in terms of releasing BGYMV-resistant common bean 
varieties, and, more recently, in making available sources of resistance to national and international 
institutions in this region. International programs, such as USAID’s Bean/Cowpea CRSP/TXII and the 
Panamerican School in Honduras, have been releasing new BGYMV-resistant bean lines based on the 
available sources of virus resistance. 
 
At CIAT, the BGYMV work continues but it is subordinated to the incorporation of abiotic traits, namely 
drought resistance and iron (Fe) content for Central America. In 2005, 407 materials were evaluated for 
their reaction to BGYMV. A high proportion of advanced lines (50%) had an adequate level of BGYMV 
resistance, while the remaining materials were still segregating susceptible and resistant plants.  
 
Contributors:  F.J. Morales, M. Castaño 
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1.2.1.4    Bean leaf crumple virus 
 
 
This is the new whitefly-transmitted begomovirus that has practically eradicated snapbean production 
from the flat lands of the Cauca Valley (c. 1000 m above sea level). This virus appears to be a hybrid 
between the Mesoamerican BGYMV and other begomoviruses that have been introduced in past years in 
the Cauca Valley, and are currently affecting unrelated crops, such as tomato. In past annual reports, we 
have reported that Bean Virology, in cooperation with Bean Entomology, has identified sources of 
resistance to this virus in Mesoamerican black-seeded common bean genotypes. 
 
Although the new biotype (B) of the whitefly species Bemisia tabaci is responsible for the outbreaks of 
this new virus in snap bean plantings in the Cauca Valley of Colombia, the original biotype (A) is still a 
more efficient vector of this virus. An average disease incidence of 4.9% was obtained for biotype B in 
six different biological transmission tests, as compared to a 26.6% incidence for the A biotype, using only 
one viruliferous whitefly per plant. In these tests, the black-seeded parental materials ‘Porrillo Sintetico’ 
and BAT 304, registered the lowest disease incidence (0 and 7%, respectively) using up to 25 whitefly 
individuals per plant. Topcrop and Red Kloud showed incidence of 100% in these tests. A black-seeded 
commercial cultivar like ICTA-Ligero, suffered a 27% virus incidence. This worked has been the subject 
of a M.Sc. Thesis at the University of El Valle, Cali, Colombia, and it is now completed. 
 
These sources of resistance have been used to improve ‘Blue Lake’, and the F2 families are currently 
under evaluation in the field. 
 
 
Contributors:  F.J. Morales, M. Castaño 
 
 
1.2.2   Identification of genotypes with resistance to multiple constraints 
 
1.2.2.1  Identification of interspecific lines resistant to Rhizoctonia solani, Macrophomina 
 phaseolina and Sclerotium rolfsii 
 
Rationale: Root rots are a major bean production constraint, especially for small holder farmers in the 
highly populated areas of Kenya, Uganda, Rwanda and DRC. Declining farm sizes precludes farmers 
from practicing crop rotation and this has culminated in low soil fertility and increasing incidences and 
severities of soil borne pathogens. Root rots are caused by several pathogens. The dominating pathogen at 
a given time is depended on prevailing environmental conditions, with some pathogens (e.g. Pythium spp, 
Fusarium spp) being more important during times of heavy rainfall, while others are associated with 
water deficit and drought (e.g. Macrophomina phaseolina). Identification of genotypes that are resistant 
to the largest number of root rot causing pathogens would be a major contributor towards the 
development of multiple constraint resistant bean genotypes. Last year, we reported the results from 
evaluating interspecific lines derived from P. vulgaris by P. coccineus or P. polyanthus crosses for their 
reaction to Rhizoctonia solani. This year, we report the reaction of these lines to Macrophomina 
phaseolina and Sclerotium rolfsii, two pathogens that are important in causing root rots of common bean. 
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Materials and Methods: Fifty interspecific lines (Table 30) were evaluated under greenhouse conditions 
for their reaction to a mixture of R. solani, Macrophomina phaseolina and Sclerotium rolfsii isolates, 
previously isolated from Popayán, Pradera, Darién, Pereira and Quilichao, Colombia. Inoculum 
preparation was done as described by Abawi and Pastor-Corrales (1990)1. For each entry, 10 seeds were 
planted in 50 cm rows and covered with 100 grams of inoculum. Evaluations for each pathogen were 
conducted separately and the experiment was repeated. Disease evaluations were done 20 days after 
planting using the 1-9 scale of Schoonhoven and Pastor-Corrales, (19872
 
). Evaluations for common 
bacterial blight were done essentially as described previously (CIAT, 2003). 
Results and Discussion:  Fifteen interspecific lines where resistant to the two strains of common 
bacterial blight. For the soil borne pathogens, 14 lines had high levels of resistance to all three soil borne 
pathogens.  S. rolfsii was the most aggressive, and 24 entries were either resistant or tolerant to this 
pathogen, while the rest (30 entries) were highly susceptible (Table 30). Five interspecific lines combine 
resistance to CBB, and to the three soilborne pathogens evaluated in this study (Table 30). These lines 
were previously found to have high levels of resistance to P. griseola and C. lindemuthianum (Mahuku et 
al., 20023; 20034
 
). These lines had previously been screened for resistance to Ascochyta blight, although 
the high levels of resistance in the secondary gene pool to that pathogen might have been lost during this 
process. Never the less, the identification of highly resistant material to other pathogens is encouraging.  
These results point to the potential usefulness of the secondary gene pool as a source of multiple 
constraint resistance in bean improvement programs.  
Conclusion: The interspecific lines showed good levels of resistance to the three pathogens. The 
identification of 5 lines that have high levels of resistance to the three soil borne and three foliar borne 
pathogens is encouraging, and reveals the potential of the secondary gene pool as a source of useful traits 
in common bean improvement was again confirmed. The lines are currently being evaluated with 
Fusarium solani, and several Pythium spp. 
 
References: 
CIAT 2002. Annual Report, Bean Program 2002. CIAT, Cali, Colombia. 
Abawi, G.S., and Pastor-Corrales, M.A. 1990. Root rots of beans in Latin America and Africa: Diagnosis, 
research methodologies and management strategies. Centro International de Agricultura Tropical, 
114pp. 
Schoonhoven, A. van, and Pastor-Corrales, M. A.  1987.   Standard system for the evaluation of bean 
germplasm. Centro Internacional de Agricultura Tropical, Cali, Colombia. 
 
Collaborators:  G. Mahuku, C. Jara and G. Castellanos 
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Table 30. Response of interspecific lines to inoculation with Rhizoctonia solani isolates from 
 different locations of Colombia under greenhouse conditions. 
     Disease severity 
 Origin Identification Generation Type of cross CBB R. 
solani 
M. 
phaseolina 
S. 
rolfsii 
1 URG BAT1253 x G35325 F6 Pv x Pp 4 2.4 3.4 6.6 
2 URG BAT 338 x G35252 F 11 Pv x Pc 4 4.2 2.0 6.6 
3 URG BAT 338 x G35252 F 11 Pv x Pc 6 3.2 2.6 7.4 
4 URG BAT 338 x G35252 F 11 Pv x Pc 5.7 4.0 4.9 9.0 
5 URG BAT 338 x G35252 F 11 Pv x Pc 7 3.7 1.6 7.4 
6 URG BAT 338 x G35252 F 11 Pv x Pc 5 5.0 1.8 8.2 
7 URG BAT 338 x G35252 F 11 Pv x Pc 7 4.2 1.8 8.2 
8 URG BAT 338 x G35252 F 11 Pv x Pc 3 3.0 1.0 7.4 
9 URG BAT 338 x G35252 F 12 Pv x Pc 7 3.1 1.9 8.2 
10 URG BAT 338 x G35252 F 12 Pv x Pc 6 3.5 1.0 1.0 
11 URG BAT 338 x G35252 F 12 Pv x Pc 3 3.3 1.0 8.2 
12 URG BAT 338 x G35252 F 12 Pv x Pc 6 4.5 1.0 7.4 
13 URG BAT 338 x G35252 F 12 Pv x Pc 3 3.2 3.4 5.8 
14 URG BAT 338 x G35252 F 12 Pv x Pc 3.3 2.7 1.0 1.0 
15 URG BAT 338 x G35252 F 12 Pv x Pc 5 3.0 1.8 7.4 
16 URG BAT 338 x G35252 F 12 Pv x Pc 4 2.3 1.0 6.6 
17 URG BAT 338 x G35252 F 12 Pv x Pc 6 3.7 3.3 9.0 
18 URG BAT 338 x G35252 F 12 Pv x Pc 7 3.6 1.0 8.2 
19 URG BAT 338 x G35252 F 12 Pv x Pc 7 2.1 2.1 8.2 
20 URG ((G35876 x G 3807)x 
G35182)x A 114 
F 10 ((Pcw x Pv)x 
Pp)x Pv 
3 
3.3 1.0 8.2 
21 URG ((G35876 x G 3807)x 
G35182)x A 114 
F 10 ((Pcw x Pv)x 
Pp)x Pv 
2.5 
2.5 1.0 6.6 
22 URG ((G35876 x G 3807)x 
G35182)x S31003 
F 10 ((Pcw x Pv)x 
Pp)x Pv 
7 
2.7 1.0 5.8 
23 URG ((G35876 x G 3807)x 
G35182)x S31003 
F 10 ((Pcw x Pv)x 
Pp)x Pv 
6 
3.9 1.0  
24 URG ((G35876 x G 3807)x 
G35325)x VRA81043 
F 6 ((Pcw x Pv)x 
Pp)x Pv 
7 
2.3 1.0 5.8 
25 URG ((G35876 x S30985)x 
G21715)x G35336 
F 5 ((Pcw x Pv)x 
Pv)x Pp 
6.7 
2.9 1.0 1.0 
26 URG ((G35876 x S30985)x 
G35182)x G21715 
F 5 ((Pcw x Pv)x 
Pp)x Pv 
4.0 
4.0 1.7 1.0 
27 URG ((S13811 x G  677)x 
G35023)x BAC  24 
F 7 ((Pcp x Pv)x 
Pc)x Pv 
3 
3.8 2.6 1.0 
28 URG (G35649 x G 3807)x 
BAC  24 
F 7 (Pcw x Pv)x Pv 6 
3.0 2.6 1.0 
29 URG (G35649 x G 3807)x 
BAC  24 
F 7 (Pcw x Pv)x Pv 6 
2.6 1.0 1.0 
30 URG (G35649 x G 3807)x 
BAC  24 
F 7 (Pcw x Pv)x Pv 7 
2.8 2.6 1.0 
31 URG (G35649 x L32)x BAC  
24 
F 9 (Pcw x Pv)x Pv 7 
3.2 1.8 1.0 
32 URG (G35649 x G 3807)x 
G35023 
F 8 (Pcw x Pv)x Pc 7 
1.9 1.0 3.4 
33 URG AND 107 x Piloy F 5 Pv x Pp 3 2.6 1.0 1.0 
34 URG AND 279 x G35337 F 5 Pv x Pp 6.3 1.7  1.0 
35 URG Pasto x G35122 F 11 Pv x Pp 3 2.6 1.0 9.0 
36 URG Pasto x G35122 F 12 Pv x Pp 6 2.1 5.1 9.0 
37 URG PVA1426 x G35180 F 6 Pv x Pp 3 3.4 1.0 7.4 
38 MEJ2 (ICA PIJAO X G 
35171)F1 X ICA 
PIJAO/-(NN)P-
(NN)P(F8) 
F 12 2V1C1_1657 3.3 
2.6 1.0 1.0 
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Table 30.  cont’d.  
 
     Disease severity 
 Origin Identification Generation Type of cross CBB R. 
solani 
M. 
phaseolina 
S. 
rolfsii 
         
39 MEJ2 (ICA PIJAO X G 
35171)F1 X ICA 
PIJAO/-(NN)P-
(NN)P(F8) 
F 12 2V1C1_1662 2.7 
2.4 1.0 5.8 
40 MEJ2 (ICA PIJAO X G 
35172)F1 X ICA 
PIJAO/-4P-(NN)P(F8) 
F 12 2V1C2_1670 4 
2.5  6.6 
41 MEJ2 (ICA PIJAO X G 
35172)F1 X ICA 
PIJAO/-19P-(NN)P(F8) 
F 12 2V1C2_1681 5 
2.6 1.0 7.4 
42 MEJ2 ICA PIJAO X (ICA 
PIJAO X G 35877)F1/-
(NN)P-(NN)Q-MP 
F 8 2V1L2_1702 3.5 
3.0  8.5 
43 MEJ2 ICA PIJAO X (ICA 
PIJAO X G 35877)F1/-
(NN)P-(NN)Q-MP 
F 8 2V1L2_1734 6 
3.1 3.8 8.2 
44 MEJ2 ICA PIJAO X (ICA 
PIJAO X G 35877)F1/-
(NN)P-(NN)Q-MP 
F 8 2V1L2_1755 5 
3.2 1.0 1.0 
45 MEJ2 ICA PIJAO X (ICA 
PIJAO X G 35877)F1/-
(NN)P-(NN)Q-MP 
F 8 2V1L2_1756 3 
4.0 1.0  
46 MEJ2 ICA PIJAO X (ICA 
PIJAO X G 35877)F1/-
(NN)P-(NN)Q-MP 
F 8 2V1L2_1757 5 
2.9 3.3 7.4 
47 MEJ2 ICA PIJAO X (ICA 
PIJAO X G 35877)F1/-
(NN)P-(NN)Q-MP 
F 8 2V1L2_1765 5.5 
3.0 1.0 6.6 
48 MEJ2 ICA PIJAO X (ICA 
PIJAO X G 35877)F1/-
(NN)P-(NN)Q-MP 
F 8 2V1L2_1775 6.1 
3.4 2.8 5.0 
49 MEJ2 ICA PIJAO X (ICA 
PIJAO X G 35877)F1/-
(NN)P-(NN)Q-MP 
F 8 2V1L2_1776 6.7 
2.8 1.0 7.4 
50 MEJ2 ICA PIJAO X (ICA 
PIJAO X G 35877)F1/-
(NN)P-(NN)Q-MP 
F 8 2V1L2_1813 2.7 
2.7 1.0 1.0 
  Inoculated controls (not 
inoculated) 
   
   
  Calima      6.6 (1.0) 
  NEP 2      9.0 (1.0) 
  Porrillo Sintetico      5.0 (1.0) 
  DOR 500      5.8 (1.0) 
  BAT 477      1.0(1.0) 
  A-70      5.8 (1.0) 
  SER 16      1.8 (1.0) 
  A-70     8.0 (1.0)  
  BAT 477     1.0 (1.0)  
  DOR 500     7.4 (1.0)  
  SEA 15     2.6 (1.0)  
  CALIMA     7.4 (1.0)  
  BAT 41   6    
  MAR 1   6    
  VAX 6   1    
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1.2.2.2     Identification of common bean genotypes resistant to multiple biotic stress 
 
Rationale: Identification and use of bean varieties that are resistant to multiple diseases is the best 
strategy, especially for smallholder farmers, of reducing losses emanating from biotic constraints. In 
addition, such genotypes allow the simultaneous introgression of favorable alleles, thus making breeding 
programs more efficient. Bean anthracnose (Colletotrichum lindemuthianum), angular leaf spot 
(Phaeoisariopsis griseola) and common bacterial blight (Xanthomonas campestris) are three of the most 
important foliar disease of common bean. These diseases are widely distributed, and the pathogens are 
seed borne, making the production and use of disease-free seed practically impossible, especially under 
tropical conditions where most of the smallholder farmers are found. The most practical strategy to 
manage these disease and minimize looses from this diseases is through the use of host resistance. Our 
goal was to identify genotypes with multiple biotic stress resistance. The lines used in this study were 
previously found to have resistance to P. griseola under field condition in Darién and Quilichao. The goal 
was to identify whether these lines possessed resistance to anthracnose and common bacterial blight. The 
idea was to identify multiple resistant lines. 
 
Materials and Methods:   
 
Bean germplasm: A total of 57 advanced lines from the Mesoamerican breeding program were used in 
this study. All evaluations were done under greenhouse conditions in Palmira, Colombia. 
 
CBB evaluations: Two Xanthomonas campestris isolates representing Xcp and Xcpf, were inoculated 
onto 57 bean lines using the multiple needle method (Mahuku et al, 20065
 
). Inoculated plants were 
evaluated 13 and 15 days after inoculation. 
Anthracnose evaluations: The same materials were inoculated with two pathotypes of C. lindemuthianum, 
(2047 and 3481) that are able to overcome the resistance in the differential cultivar G2333 that contains 
three resistance genes, Co-42, Co-5, and Co-7. Inoculum production, inoculations and evaluations were 
done essentially as described by Mahuku et al., 20026
 
. 
ALS evaluations: To confirm the utility of ALS resistance that was obtained under field conditions, two 
Mesoamerican pathotypes (pathotype 63:63 and 63:47) of P. griseola were used to inoculate 57 common 
bean lines from the Mesoamerican breeding program under greenhouse conditions. Inoculum production, 
inoculations and evaluations were done essentially as previously described (Mahuku et al., 20037
Results and Discussion:  
). 
 
Common bacterial blight: Sixteen advanced lines were resistant to both strains of X. campestris (Table 
31), while 11 had an intermediate score. 
 
Anthracnose: Of the two pathotypes used in this study, 2047 was more aggressive than 3481.  Only 4 
lines were resistant to this pathotype while 53 were susceptible (Table 31). However, when these lines 
                                                 
5 Mahuku, G.S., Jara, C., Henriquez, M.A., Castellanos, G., and Cuasquer, J. 2006. Genotypic characterization of the 
common bean bacterial blight pathogens, Xanthomonas axonopodis pv. phaseoli and X. axonopodis pv. phaseoli var. 
fuscans by rep-PCR and PCR-RFLP of the ribosomal genes. Journal of Phytopathology 154: 35-44. 
6 Mahuku, G.S., Jara, C.E., Cajiao, C. and Beebe, S. 2002. Sources of resistance to Colletotrichum lindemuthianum 
in the secondary gene pool of Phaseolus vulgaris and in lines derived from crossing primary and secondary gene 
pools. Plant Disease 86:1383-1387. 
7 Mahuku, G.S., Jara,C., Cajiao, C., and Beebe, S. 2003.  Sources of resistance to angular leaf spot (Phaeoisariopsis 
griseola) in common bean core collection, wild Phaseolus vulgaris and secondary gene pool. Euphytica 130: 303-
313. 
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were evaluated using pathotype 3481, 31 were resistant. This result is not surprising as these lines were 
specifically developed to incorporate resistance to P. griseola. However, the interesting result is that a 
majority of these lines had resistance to anthracnose as well. Three of these lines had resistance to both 
pathotypes of C. lindemuthianum used in this study (Table 31). 
 
Table 31. Response of 57 advanced bean lines to inoculation with Xanthomonas campestris,  
 Colletotrichum lindemuthianum  and Phaeoisariopsis griseola under greenhouse 
 conditions. 
  
Response 
to CBB 
Response to C. 
lindemuthianum Response to P. griseola 
 2047 3481 63-63 63-47 63-47 
Ent Line ID Habit Color1 Severity 
1 G  5686 1 Br mot 6.7 1.0 1.0 2.0 1.0 2.0 
2 MAB  350 2A Red 6.0 9.0 1.0 1.0 1.0 1.0 
3 MAB  359 2B Bl 6.0 9.0 1.0 1.0 1.0 1.0 
4 MAB  507 2 Red 7.0 9.0 1.0 1.0 1.0 1.0 
5 MAB  508 2 Red 7.0 9.0 1.0 1.0 1.0 1.0 
6 MAB  351 2B Red 7.0 9.0 1.0 1.3 1.0 1.0 
7 MAB  349 2B Red 7.0 9.0 1.0 2.0 1.0 1.0 
8 MAB  353 2A Red 7.0 9.0 1.0 2.0 1.0 1.0 
9 MAB  358 2A Bl 3.0 9.0 1.0 2.0 1.0 1.0 
10 MAB  509 2 Red 7.0 9.0 1.0 2.0 1.0 1.0 
11 MAB  161 2B Cr 6.0 9.0 1.0 1.0 1.0 1.0 
12 MAB  356 2B Red 7.0 9.0 1.0 2.0 1.3 1.0 
13 MAB  369 2B Cr 5.3 9.0 1.0 2.0 2.0 1.0 
14 MAB  352 2B Red 7.0 9.0 1.0 3.3 1.0 3.0 
15 MAB  506 2 Red 6.0 9.0 1.4 1.0 1.0 1.7 
16 RIC   30 2B Red 6.0 2.5 4.1 3.0 1.7 2.0 
17 MAB  327 2B Bl 6.0 9.0 4.8 1.0 1.0 1.0 
18 MAB  326 2B Bl 4.0 9.0 6.0 1.0 1.0 1.0 
19 MIB  387 2B Red 7.0 9.0 9.0 1.0 1.0 1.0 
20 MIB  384 2B Red 7.0 9.0 9.0 1.7 1.0 1.0 
21 MIB  221 3B Red 5.0 9.0 9.0 2.0 1.0 1.0 
22 MIB  383 2B Red 7.0 9.0 9.0 2.0 1.0 1.0 
23 MIB  388 3B Red 6.0 9.0 9.0 2.0 1.3 1.0 
24 MIB  430 2B Red 7.0 9.0 9.0 3.0 1.0 1.0 
25 MAB  331 2A Bl 7.0 9.0 1.0 1.0 7.0 1.0 
26 MAB  338 2B Bl 6.0 9.0 1.0 1.0 7.0 1.0 
27 SXB  196 2A Cr 2.0 6.7 1.0 4.7 1.0 1.0 
28 SXB  212 2A Cr 2.5 8.4 1.0 5.3 1.0 1.0 
29 NXB   80 2B Cr str 7.0 5.1 1.0 6.0 1.0 1.0 
30 SXB  119 2B Bl 2.0 9.0 1.0 7.3 1.3 1.0 
31 MAB  131 2B Cr str 5.0 9.0 1.0 8.0 1.0 1.0 
32 SXB  181 2B Cr str 5.0 9.0 1.0 8.0 1.0 1.0 
33 FEB  230 2A Cr str 3.0 9.0 1.0 8.0 2.0 1.0 
34 FEB  234 2B Cr str 4.0 5.4 1.0 5.7 2.0 1.3 
35 EMP  507 2A Cr str 3.5 9.0 1.0 7.3 1.0 2.3 
36 MAB  302 2A Cr str 3.7 9.0 1.0 8.0 2.3 2.3 
37 AND  277 1 Red mt 2.7 1.0 1.0 2.5 3.0 4.3 
38 DFA   70 1 Red mt 3.0 1.0 1.0 2.7 2.0 8.0 
39 A    807 2B Cr str 3.0 9.0 2.8 8.0 1.0 2.0 
40 MAB  328 2B Cr str 5.0 5.8 3.0 5.0 2.3 1.0 
41 SXB  183 2B Cr str 6.0 9.0 6.0 7.0 1.0 1.0 
42 SXB  184 2B Cr str 2.0 9.0 6.4 7.0 1.0 1.0 
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Table 31.  cont’d. 
  
        
  
Response to 
CBB 
Response to C. 
lindemuthianum Response to P. griseola 
 2047 3481 63-63 63-47 63-47 
Ent Line ID Habit Color1 Severity 
43 MAB  372 2A Red 6.0 9.0 6.5 7.3 6.0 5.0 
44 G  5207 2B Bl 7.0 9.0 9.0 1.0 6.0 1.0 
45 MAB  164 2B Bl 6.3 9.0 9.0 1.0 8.0 1.0 
46 MAB  362 2A Bl 3.0 9.0 9.0 1.0 8.0 1.0 
47 MIB  214 2B Cr str,  4.0 9.0 9.0 4.5 1.0 1.0 
48 SXB  204 2A Bl 7.0 9.0 9.0 6.0 1.0 1.0 
49 SXB  205 2B Bl 3.0 9.0 9.0 6.0 1.3 1.0 
50 MAB  361 2A Bl 3.0 9.0 9.0 7.0 7.0 1.0 
51 MAB  313 2B Cr str 2.0 9.0 9.0 8.0 1.0 1.0 
52 AQB  147 2B Cr str 4.0 9.0 9.0 6.0 1.0 2.0 
53 SER   22 2A Red 3.0 9.0 9.0 6.0 7.0 2.3 
54 MAB  320 3B Cr str 2.0 9.0 9.0 6.3 1.0 2.7 
55 MAB  375 2B Pink 6.0 9.0 9.0 4.0 6.0 4.0 
56 MAB  323 3B Cr str 2.0 9.0 9.0 6.7 7.0 5.0 
57 MAB  308 2A Cr str 6.0 9.0 9.0 7.0 6.0 7.0 
          
1 Br mot=brown mottled; Bl=black; Cr=cream; Cr str=cream striped; Red mt-=red mottled 
 
 
ALS: As expected differences were observed for the response of these lines to inoculation with different 
pathotypes of P. griseola. A total of 24 lines were resistant to the three isolates used in this study while 28 
were resistant to two pathotypes (Table 31). This result was expected, since these lines were developed to 
incorporate sources of ALS resistance, and include such sources of ALS resistance as G10474, G10613, 
G10909, G19833, etc. ‘Chaucha chuga’ (G19833) is a known good source of anthracnose resistance as 
well, but the isolates used in this study have been found to overcome the anthracnose resistance genes in 
G19833. 
 
Multiple resistances: Only three lines combined resistance to all pathotypes of anthracnose and ALS that 
were used in this study. However, 30 lines were resistance to at least one ALS and 1 anthracnose 
pathotype used, while 9 lines had resistance to common bacterial blight and one anthracnose pathotype, 
and 7 had resistance to all ALS pathotypes and the two strains of common bacterial blight (Table 31).  
 
Conclusion: Several lines combined resistance to at least two pathogens that were evaluated in this study. 
These lines form a very good source of resistance for programs focusing on multiple constraint resistance. 
It is crucial that these lines be evaluated against other biotic constraints in the hopes of identifying those 
lines that combine resistance / tolerance to the most number of constraints. 
 
 
Collaborators:  G. Mahuku, C. Jara and G. Castellanos 
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Progress towards achieving output milestones: 
 
• Resistance to bean viruses, such as BCMV, BCMNV and BGYMV is readily available and highly 
resistant common bean varieties have been developed from these sources for Central America. In 
Honduras and El Salvador, two red-seeded common bean varieties have been released in the past 
year, with excellent adoption thanks to their commercial seed color (‘Rojo de Seda’ type) and 
good cooking characteristics. In El Salvador, these varieties are called CENTA-San Andrés and 
CENTA-Pipil, both bred by Dr. Juan Carlos Rosas of El Zamorano, Honduras. In a recent trip to 
El Salvador, several lines possessing recessive (bc-3) resistance to BCMV and BCMNV, were 
also showing resistance to the main virus problem of Central America, BGYMV. This is a major 
accomplishment in a region that requires both types of virus resistance without compromising 
grain quality. 
 
Parents / lines with stable resistance to multiple constraints identified or developed 
 
• We have made significant progress in introgressing resistance to angular leaf spot, from climbing 
into bush bean types. Most of the lines were highly resistant to the pathotype structure in 
Colombia and Central America, including the most virulent pathotype 63:63. 
 
• Five interspecific lines, combining resistance to angular leaf spot, anthracnose, common bacterial 
blight, Rhizoctonia, Macrophomina and S. rolfsii root rots were identified. These materials 
constitute an important set for use in breeding programs intended for multiple constraint 
improvement. 
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Activity 1.3  Developing germplasm with resistance to insect pests  
 
Highlights: 
  
• Resistance to the bean weevil (Acanthoscelides obtectus) was evaluated in Phaseolus vulgaris x 
P. acutifolius hybrids, but all previous selections from 2006 proved to be susceptible.  
• Reconfirmation of methods to identify resistance to Zabrotes subfasciatus were tested 
• The index of selection for tolerance to Empoasca kraemari was used to select bean lines with 
resistance to the insect 
 
1.3.1. Screening for sources of resistance to major insect pests 
 
Rationale: Identifying sources of resistance to major insect pests of bean is a continuous activity. 
Additional work was conducted to identify and characterize the mechanisms of resistance to specific 
major pests. Research was carried out to compare three methods to identify resistance to Z. subfasciatus  
 
Materials and Methods: Leafhopper and pod weevil nurseries are planted in the field under high levels 
of natural infestation, usually with 3-4 replicates per genotype in randomized complete block designs. 
Evaluations for resistance include damage score and bean production ratings, insect counts, damage 
counts and in some cases, yield components and yields. Bruchid nurseries are tested in the laboratory 
simulating normal storage conditions (20ºC. 80% R.H. and 14% seed humidity).  Genotypes are tested 
using 3-5 replications of 50 seeds per genotype.  Evaluation units (replicates) are infested with seven pairs 
of Z. subfasciatus per each 50 seeds or two eggs per seed in the case of A. obtectus.  
 
Results and Discussion:  
 
Storage weevils (Acanthoscelides obtectus) 
 
The search for sources of resistance to A. obtectus continued in 2007. No useful sources of resistance to 
this weevil were found among 21 wild P. vulgaris and 4 P. acutifolius accessions tested.  On the contrary, 
excellent sources were identified in a collection of 283 cultivated and wild P. lunnatus genotypes that 
were tested in replicated tests.  Ten genotypes were classified as resistant and 12 as intermediate; of these, 
3 exhibited very high level of antibiosis resistance (zero emergence): G25294D, G25584A, G25851A.  
 
Leafhopper (Empoasca kraemeri) 
 
No useful sources of resistance to the leafhopper were found among about 200 accessions of bean 
germplasm evaluated in 2007.  In trials done under field conditions at CIAT headquarters, 380 lines 
derived from Mesoamerican parents with different resistance characteristics were evaluated for resistance 
to the leafhopper in replicated nurseries.  Thirty-three of these lines were selected as resistant and will be 
reevaluated again in 2008.  
 
Contributors: J. M. Bueno, O. Diaz and J.F. Valor 
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1.3.2. Developing germplasm resistant to insects 
 
1.3.2.1  Storage weevils (Acanthoscelides obtectus) 
 
Rationale: A novel Double Congruity Backcross technique developed at CIAT has allowed the 
development of fertile interspecific Phaseolus vulgaris x P. acutifolius (common x tepary) bean hybrids. 
These crosses are made using the tepary genotype NI576 (a genotype competent to Agrobacterium-
mediated genetic transformation). Some of these crosses involve the tepary accession G 40199, an 
excellent source of resistance to Acanthoscelides obtectus and Empoasca kraemeri. In 2002 we identified 
several progenies, some with P. vulgaris cytoplasm and other with P. acutifolius cytoplasm, with very 
high levels of antibiosis resistance to A. obtectus. In 2006 and 2007, emphasis was placed on the 
reconfirmation of resistance in previously selected progenies, as well as the evaluation of new F2 hybrids. 
 
Materials and Methods: The seed of selected genotypes was multiplied in the field or under greenhouse 
conditions in order to obtain enough seeds to conduct the bioassays. The seed was used to screen different 
nurseries for resistance to A. obtectus in the laboratory.   Each test was evaluated in 5 repetitions. 
Infestation levels per variety were 3 mature eggs per seed.  The percentage of emergence of adults and 
days to adult emergence were evaluated.  In some cases, individual seeds were evaluated, using an 
infestation level of 3 mature eggs per seed.   
 
Results and Discussion: In 2007, emphasis was placed upon the evaluation of new F2 hybrids and the 
reconfirmation of resistance in previously selected progenies.  These materials were tested in nurseries 
with 10 repetitions. All of the hybrids that had shown intermediate and high levels of resistance turned 
out to be susceptible.  An evaluation of 86 different progenies F2 obtained from interspecific crosses 
Phaseolus vulgaris x P. acutifolius with P. vulgaris cytoplasm was conducted.  All of the hybrids tested 
were susceptible to A. obtectus. 
 
1.3.2.2  Storage weevils (Zabrotes subfasciatus) 
 
1.3.2.2.1 Screening for bruchid-resistant and marker assisted selection of Arcelin  derived 
 from bruchid resistance  
  
Rationale: In drought affected areas where the temperature is very high, storage bruchids are a bottleneck 
that result in significant loss of beans. Bruchids (Z. subfasciatus and A. obtectus) are the most important 
pests of stored beans in Africa and elsewhere. About 55% of the farmers in Ethiopia store their beans for 
six to eight months.  Storage for longer periods to meet the farmers’ demands from one season to the next 
would be ideal for them and would assure the stock of enough beans in case of drought. Losses increase 
during storage for longer periods. Resistant varieties would facilitate easy storage by farmers. As part of a 
Ph.D. thesis, materials resistant to the Zabrotes subfasciatus (Boheman) pest were evaluated by the means 
of three different methodologies (micro-satellites, extraction of total proteins and evaluation with the 
insect) to confirm the precision of all three methods. 
 
Materials and Methods: 
 
Genetic Materials:  A set of 42 advanced lines of RAZ and susceptible varieties were used in the trial. Of 
these, 32 were Mesoamerican genotypes from breeding program for small white, small red, small black, 
pinto and carioca and 10 were Andean genotypes from large seeded grain classes. All 42 advanced lines 
were tested for bruchid resistance using four replicates of 30 seeds per replication with 6 pairs of Z. 
subfasciatus in a clear plastic vial covered with fine  mesh and with inner walls covered with sandpaper to 
avoid eggs being laid on the plastic surface rather than on the bean seed coat. Data was collected on 
number of eggs, number of emerged adults, and emergence percentage. Genotypes with 0 to 15% of adult 
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emergence were classified as highly resistant (HR), from 16 to 30% as resistant (R), 31 to 50% as 
intermediate (I) and from 51 to 100% as susceptible (S). 
 
Micro-satellite Markers: Two micro-satellite markers were used for the marker assisted selection scheme: 
Bmy11 and PVatct001.  The micro-satellite amplification was conducted according to standard PCR 
protocols. The micro-satellite markers were run at 120 volts and at 45 0C for one to three hours on 4% 
polyacrylamid gels and silver stained with a circulating tank system. 
 
Protein extraction and Arcelin determination: 0.0075g of bean flour was dissolved in 250µl of extraction 
buffer, vortexed and centrifuged at 14,000 revolutions for 15 minutes. The supernatant was transferred 
and mixed with 50µl cracking buffer, which was vortexed, boiled for 5 minutes, allowed to cool and 
centrifuged before loading 5µl on to a stacking polyacrylamid gel. Samples were run at a constant 150 
volts until the samples passed into running gel where a constant 25 mA was maintained. Protein gels were 
stained for 4 to 5 hours in 120 ml of 0.25% coomassie Blue R-250, then transferred to destaining 
solutions I and II for approximately 4 to 5 hours.    
 
Results and discussion: Two markers BMy 11 and Pvatct 001 were confirmed as more tightly associated 
to the arcelin gene. The two micro-satellite markers produced bands that were 208 and 192 bp long, while 
susceptible genotypes had bands that were of 240 and 200 bp, respectively (Figures 41 and 42).  Both 
markers were more accurate in eliminating susceptible genotypes than distinguishing levels of resistance 
(highly resistant, resistant or intermediate) among genotypes that were likely to contain the arcelin 1 
allele. 
 
 
 
Figure 41.  Banding patterns generated by a micro-satellite primer at the BMy11 locus for bruchid 
 resistant RAZ lines and checks without a source of arcelin. The polymorphic band is 208 bp. 
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Figure 42.   Banding patterns generated by a micro-satellite primer at the Pvatct 001 locus for bruchid 
 resistant RAZ lines and checks without sources of arcelin. The polymorphic band is 192 bp. 
 
 
In Figures 43 and 44 (protein analysis), the confirmation test using arcelin protein analysis with 21 highly 
resistance advanced lines and 5 susceptible advanced lines plus controls also showed a high level of 
accuracy. Resistance was associated entirely with the presence of the heavy 35Kb band that represents 
arcelin 1, the seed protein extract.  
         
 
Figure 43.  Arcelin 1 bands in a protein analysis. The RAZ lines present bands corresponding to  
  35 Kb. 
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Figure 44.   Arcelin 1 band shown in a protein analysis.  The RAZ lines and the sources of arcelin 
 present the bands that correspond to 35 Kb that identify the presence of the protein. 
 
 
 
In the replicated insect resistance trial there is variability among genotypes containing arcelin protein.  
The best level of resistance to Zabrotes subfaciatus in advanced lines containing arcelin-1 can be 
observed in Table 32.    
 
 
 
Contributors: Teshale Assefa Mamo (Ethiopian Institute of Agricultural Research, EIAR),  
  J.M. Bueno, J.F. Valor, M. Blair and C. Cardona. 
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Table 32.  Levels of resistance to Zabrotes subfaciatus in bean lines selected for the presence of arcelin 
 and checks without arcelin. 
 
Identification Percentage emergence 
Days to adult 
emergence 
Adult weight 
(g) x 10-3  Is
1 
Checks 
ExRico 23 99.600 32.100 1.1600 10.425 
CAL143 98.900 31.350 1.1100 10.825 
CAL96 98.350 31.775 1.1525 10.850 
G12864=PC 50 97.425 31.300 1.1800 10.275 
ICA Pijao2 97.250 31.675 1.1150 9.200 
G 4017=Carioca 96.250 31.600 1.0450 9.650 
ICA Bunsi 95.225 31.850 1.0975 9.225 
EMP250 94.350 32.775 1.1125 7.600 
Awash melka 93.275 31.100 1.0350 10.225 
BAT41 89.625 30.900 1.1775 9.600 
The best lines based on % emergence 
RAZ 11 9.725 45.875 0.6600 1.225 
RAZ 136 9.225 47.725 0.8825 1.825 
RAZ 24-2 8.900 47.325 0.6625 1.575 
RAZ 443 8.900 48.825 0.7875 0.950 
RAZ 22 8.575 44.375 0.8225 1.100 
RAZ 26 8.450 44.625 0.6625 2.025 
RAZ 4 7.375 44.475 0.6775 1.475 
RAZ 7 7.375 49.200 0.6475 1.225 
RAZ 36 6.875 45.400 0.9950 0.300 
RAZ 119 6.775 48.625 0.5850 0.950 
RAZ 138 6.550 44.850 0.6225 1.100 
RAZ 151 5.950 44.350 0.6625 0.450 
RAZ 111 5.900 47.075 0.6925 0.100 
RAZ 34 5.775 44.667 0.5466 0.875 
RAZ 37 5.075 44.700 0.6375 0.100 
RAZ 101 4.600 45.850 0.7650 -0.500 
RAZ 173 4.425 50.175 0.6750 -0.150 
RAZ 42 4.000 53.500 0.7266 -1.225 
RAZ 44 3.200 50.275 0.5300 -1.050 
RAZ 174 3.150 45.225 0.7950 -0.850 
RAZ 43 2.375 40.500 0.6750 0.125 
RAZ 120 1.675 47.500 0.6900 -2.250 
LSD 6.9 4.6 0.0002 1.8 
1 Index of susceptibility: (In progenies per female/days to adult emergence)x100; 2 Susceptible P. vulgaris 
cultivar; 3 Resistant P. vulgaris line.  
 
 
1.3.2.3   Leafhopper (Empoasca kraemeri) 
 
Materials and Methods: Evaluations for resistance to E. kraemeri were done in the field under 
conditions of high levels of natural infestation.  A randomized complete blocks design was used for this 
evaluation with 5 repetitions per genotype.  Evaluations for resistance include a damage score and bean 
production rating, insect counts, damage counts and in some cases, yield and yield components.  
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Continuing with the search for resistance to leafhopper, in 2007 182 lines characterized by their resistance 
to drought with bc-3, low fertility and high iron with codes MIB, SER, SEN, SXB, RCB and NCB were 
evaluated for leafhopper damage. In addition, an important activity in 2007 was the evaluation of 
resistance to leafhopper of a nursery of the Bean Team (VEF 2007) of red, black, carioca and cream 
colored beans, with different resistances and agronomic characteristics. We also continued with the 
evaluation of interspecific P. vulgaris x P. acutifolius hybrids.   
 
Results: 28 selections were identified with high levels of leafhopper infestation (14.3 nymphs per leaf at 
50 days after planting). The selected lines will be reconfirmed in a field evaluation in 2008.   
 
Of the 80 evaluated entries in the VEF nursery, 7 were graded as resistant (damage scale of 6.5 or less in 
a 1 to 9 scale) and 30 as intermediate (damage scale of 6.6 to 7.0 in a 1 to 9 scale), with high infestation 
of 10.2 leafhopper nymphs per leaf at 50 days after planting (Table 33). 
 
Similar to the work with bruchids, interspecific P. vulgaris x P. acutifolius hybrids were obtained by 
means of the Double Congruity Backcross technique developed at CIAT.  We tested 50 progenies of 
crosses made with the tepary source of resistance to leafhopper G 40019 and G 40036.  Selected 
progenies and their reaction to leafhopper are shown in Table 34.  In general, the best lines from hybrids 
present high levels of resistance compared to the tolerant G 40036 control. We can also affirm that 
resistance to leafhopper in interspecific hybrids has increased. This data will be confirmed in 2008. 
 
 
Contributors: J. M. Bueno, S. Beebe and A. Mejía. 
 
 
 
Progress towards achieving output milestones: 
 
 
•  Identification of sources of resistance, studies on insect resistance mechanisms, development of 
insect resistant bean lines and development of parental lines with multiple disease and insect 
resistance. 
 
•  Contribute to the mainstream breeding objectives of the Bean Project. 
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Table 33. Leafhopper damage scores of best carioca, cream, black and red lines with high 
 agronomic value in the VEF 2007  
 
Entry No. Line Seed color Seed size Leafhopper damage score a 
372 EMP 512 CrSt Small 6.3 
208 SXB  184 Cr St Small 6.3 
192 MAB  159 Cr St Small 6.8 
202 SXB  178 Cr St Small 6.8 
32 SAM    6 Cr St Small 7.0 
199 SXB  175 Cr St Small 7.0 
167 MAB  133 Cr St Small 7.0 
92 NXB    53 Cr St Small 7.0 
216 SXB  192 Cr Small 6.3 
214 SXB  190 Cr Small 6.5 
30 TLP   37 Cr Small 6.7 
373 EMP 250 Cr Small 6.8 
217 SXB  193 Cr Small 7.0 
324 MAB  335 Bl Small 6.7 
183 AQB  149 Bl Small 7.0 
135 MAB   97 Bl Small 6.8 
153 SXB  119 Bl Small 6.3 
79 INB   46 Bl Small 7.0 
131 MAB   93 Bl Small 7.0 
132 MAB   94 Bl Small 7.0 
134 MAB   96 Bl Small 7.0 
154 SXB  120 Bl Small 7.0 
122 MAB   84 Bl Small 7.0 
136 MAB   98 Bl Small 7.0 
137 MAB   99 Bl Small 7.0 
138 MAB  100 Bl Small 7.0 
64 NEB   31 Bl Small 7.0 
374 EMP 486 R Small 5.5 
267 SXB  243 R Small 6.0 
269 SXB  245 R Small 6.7 
224 SXB  200 R Small 6.8 
375 TIO CANELA 75 R Small 6.8 
245 MIB  221 R Small 7.0 
278 SXB  254 R Small 7.0 
177 BFB  143 R Small 7.0 
266 SXB  242 R Small 7.0 
280 SXB  256 R Small 7.0 
380 ICA PIJAOb Bl Small 6.8 
381 BAT 41c R Small 8.7 
a On a 1-9 score scale (1 = no damage: 9 = severe damage), b Tolerant check, c Susceptible check,  Seed 
Color: Bl = Black; Cr = Cream; St = Striped; R = Red. 
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Table 34.  Resistance to Empoasca kraemeri in F4.6 selected progenies derived from interspecific 
 Phaseolus vulgaris x P. acutifolius crosses. 
 
Code Damage scoresa 
Reproductive 
adaptation 
scoreb 
 
Yield (kg ha-1) Percentage 
yield loss 
Susceptibility 
index c 
Protected Non-protected 
Hybrids 
A99Y-86 F6 6.6 5.0  1981 1306 34.2 0.8 
A99Y-90 F6 6.7 5.3  1970 1144 42.0 0.9 
EMPZ-2 F4 6.3 5.7  1856 1548 16.7 0.5 
A99Y-15 F4 6.6 5.0  1776 1228 30.3 0.8 
TSC123 6.9 4.7  1549 1173 24.2 0.7 
SCO(23) 7.3 6.0  1194 260 78.2 1.6 
SCO(24) 7.4 5.7  1039 256 75.2 1.7 
SCO(25) 6.1 6.3  808 355 56.3 1.5 
EMP lines 
EMP 586 6.7 6.0  2053 1470 27.9 1.5 
EMP 572 5.9 6.7  1570 1475 6.0 0.4 
EMP 558 7.3 6.0  1465 1262 12.9 0.9 
EMP 512 6.3 6.3  1553 1497 3.0 0.2 
EMP 250 6.8 6.7  1321 1281 3.0 0.3 
Checks 
G40036d 5.4 7.0  762 528 30.7 0.9 
G40033e 9.0 2.7  450 194 57.0 2.0 
ICA Pijaof 6.6 5.7  1827 1545 13.8 0.9 
BAT 41g 8.7 3.0  1211 674 44.4 2.5 
a On a 1-9 visual scale (1, no damage; 9, severe damage); b On a 1-9 visual scale (1, no yield, no pod formation; 
9, excellent pod formation and filling, excellent yield); c Calculated with respect to the mean of the trial and the 
mean of the tolerant check; d Tolerant check P. acutifolius;   e Susceptible check P. acutifolius;      f Tolerant 
check P. vulgaris   g  Susceptible check P. vulgaris.  
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Activity 1.4    Developing more nutritious small seeded bean varieties  
 
 
Highlights: 
 
• Parental materials for Mesoamerican beans with about 60% more iron (or about 30 mg kg-1  
increase) have been obtained with much improved adaptation to the warm tropics. These same 
Mesoamerican lines express the high iron trait across environments, with rank correlations 
ranging from 0.60 to 0.80.  
 
• Interspecific progenies have expressed as high as 98 mg kg-1 iron and 56 mg kg-1 zinc. Families 
with excellent adaptation to highland environments present somewhat lower iron levels, but still 
with an advantage of as much as 40 mg kg-1 iron over checks. Some such families also appear to 
have a level of resistance to ascochyta blight.  
 
 
1.4.1  Intraspecific crosses to combine the high iron trait with improved tropical  adaptation 
 
Rationale: Experience suggests that the highest levels of iron in intraspecific crosses of common bean 
occur in crosses between the two major gene pools. As a result, many sources of high iron present the 
poor agronomic quality that is typical of inter-gene pool crosses. This has necessitated the repeated 
crossing and selection to combine the high mineral trait with improved adaptation to tropical 
environments.    
 
Materials and Methods. Selection continued in crosses among existing high mineral lines to obtain 
improved combinations of high iron, high zinc and tropical adaptation. Lines were circulated through the 
High Mineral Nursery (VAM) in Central America (see section 3.4 below) and also were utilized in 
crosses for Mesoamerican improvement (section 2.1 above). Here we report on the levels of mineral 
attained in those lines. 
  
Results and Discussions: While the best levels of iron continued to be expressed in MIB’s 465 and 466, 
with a differential over DOR 500 check of 33 and 31 mg kg-1 but with poor tropical adaptation, lines with 
far better adaptation were obtained in black (MIB’s 487 and 499) and white (MIB 497) seed color, as well 
as carioca type (e.g., SMB 6). These latter lines enjoy a differential over DOR 500 of 26 to 28 mg kg-1 
(Table 35). Gains in zinc were more modest, ranging from 5 to 8 mg kg-1 over DOR 500, versus 12 mg 
kg-1
 
 in MIB 465 (Table 36).  
 
Contributors: S. Beebe, M.A. Grajales, C. Cajiao, R. Araya, J.C. Rosas and O. Mosquera 
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Table 35.  Concentration of iron (mg kg-1) in elite lines developed as parental materials for the 
 Mesoamerican breeding program.  
 
   CRI_ALA CRI_VER POP_06B STQ_06B CIAT_07A Hon_06B 
Line MEAN >DOR Fe Fe Fe Fe Fe Fe 
     Mean Mean Mean Mean Mean Mean 
CAL 96 49.1 -0.9 50.6 50.4 47.1 39.0 52.4 55.0 
DOR 500 52.9 2.9 50.8 49.4 53.1 45.6 53.4 65.3 
FEB 226 61.7 11.7 65.6 49.9 67.8 55.9 61.9 69.3 
MIB 465 83.5 33.5 85.3 78.4 91.8 68.1 91.0 86.7 
MIB 466 81.3 31.3 81.3 79.5 89.2 77.9 84.2 76.0 
MIB 487 75.8 25.8 79.5 78.6 75.7 74.0 76.2 71.0 
MIB 488 75.7 25.7 78.3 73.4 82.7 68.7 75.8 75.3 
MIB 497 78.2 28.2 83.2 74.8 87.6 72.0 81.1 70.3 
MIB 499 78.2 28.2 78.3 76.9 83.0 71.6 87.3 72.0 
SMB 2 66.9 16.9 77.1 59.4 75.2 62.3 66.5 61.0 
SMB 3 71.5 21.5 74.4 67.0 85.2 62.9 65.5 74.0 
SMB 6 76.2 26.2 75.6 76.3 81.5 74.6 75.8 73.7 
SMR 3 69.3 19.3 75.0 63.3 77.7 58.4 70.6 71.0 
SMR 4 59.9 9.9 65.0 51.9 67.6 56.2 56.9 62.0 
SMR 16 58.4 8.4 64.3 49.2 59.6 55.1 59.0 63.3 
Test. Lo 55.4 5.4 46.7 52.5 71.2 51.8 59.6 50.7 
* CRI-Ala=Costa Rica-Alajuela; CRI-Ver=Costa Rica-Veracruz; POP=Popayán, Colombia; STQ=Quilichao, 
Colombia; CIAT=Palmira, Colombia; Hon=Zamorano, Honduras. 
 
 
Table 36.  Concentration of zinc (mg kg-1) in elite lines developed as parental materials for the 
 Mesoamerican breeding program.  
 
   CRI-Ala* CRI-Ver POP STQ CIAT Hon 
Line   Zn Zn Zn Zn Zn Zn 
 MEAN >DOR Mean Mean Mean Mean Mean Mean 
CAL 96 24.6 -4.8 21.9 27.4 25.2 22.2 23.4 27.7 
DOR 500 32.4 3.0 25.4 34.2 32.6 30.9 23.8 47.3 
FEB 226 29.2 -0.2 25.9 32.7 31.9 28.2 24.2 32.3 
MIB 465 41.6 12.2 36.3 50.6 40.0 41.9 34.2 46.3 
MIB 466 41.1 11.7 37.2 51.2 43.2 44.0 33.5 37.7 
MIB 487 38.0 8.6 33.3 50.7 40.9 39.4 28.7 34.7 
MIB 488 35.9 6.5 30.9 43.1 35.5 39.7 28.1 38.3 
MIB 497 35.0 5.6 28.2 42.1 40.9 35.8 25.8 37.3 
MIB 499 39.0 9.6 32.8 48.0 44.0 42.7 29.8 36.7 
SMB 2 34.9 5.5 33.1 37.5 42.5 35.1 26.7 34.7 
SMB 3 33.1 3.7 29.2 38.0 33.6 33.0 25.8 39.3 
SMB 6 34.9 5.5 30.6 39.2 40.0 36.1 27.2 36.3 
SMR 3 36.0 6.6 32.2 44.8 40.2 35.4 28.5 34.7 
SMR 4 35.3 5.9 33.4 40.2 35.9 37.5 28.4 36.7 
* CRI-Ala=Costa Rica-Alajuela; CRI-Ver=Costa Rica-Veracruz; POP=Popayán, Colombia; STQ=Quilichao, 
Colombia; CIAT=Palmira, Colombia; Hon=Zamorano, Honduras.  
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1.4.2   The High Mineral Nursery (VAM) 2006: correlations across sites 
 
Rationale: Mesoamerican beans often occupy more stressful environments (warmers, lower fertility) than 
Andean beans. It has been a particular challenge to identify parental materials for high iron that adapt to 
warmer environments. While confirming the expression of the high iron trait is important for any target 
area, it is especially important for these production regions. For this purpose an international nursery was 
established as a vehicle for germplasm distribution to partners in Central America and Mexico, which will 
permit both the identification of parental material and the estimation of GxE. IN 2005 two slightly 
different sets were distributed, and in 2006 a totally new nursery with the most recently developed lines 
was shared with partners.   
 
Materials and Methods: In 2006 a second High Mineral Nursery was distributed to partners in Central 
America to evaluate both the advance in mineral concentration in lines with improved agronomic type, 
and the stability of this trait over sites. This nursery was composed of 43 entries, most of which had been 
evaluated over several generations, seasons and sites in Colombia.  The lines included materials with 
acceptable black and carioca seed type, as well as white seeded and some dark red seeded lines.  
 
Results: Compared to previous results from the 2005 nursery, where most correlations averaged less than 
0.50 between sites for both iron and zinc, in 2007 most correlations for iron had improved markedly, 
presenting values above 0.70 in most cases and as high as 0.84 (Table 37). Correlations for zinc were 
lower, but still improved over those in 2006 (Table 38). The site at Zamorano, Honduras was the 
exception, presenting lower correlations with all sites, and especially for zinc.  The generally higher 
correlations may reflect both higher absolute values in iron and a broader range, as well as more stability 
in the high mineral traits as a result of intensive selection.  
 
Table 37. Correlations in iron concentration among entries in the High Mineral Nursery across  sites in 
 Colombia and Central America:. 
 
 CIAT 07A POP 06B QUIL 06B CRI-Ala CRI-Ver HND-06B 
CIAT 07A - 0.77 *** 0.84 *** 0.81 *** 0.78 *** 0.65 *** 
POP 06B  - 0.69 *** 0.76 *** 0.81 *** 0.59 *** 
QUIL 06B   - 0.72 *** 0.78 *** 0.58 *** 
CRI-Ala    - 0.84 *** 0.62 *** 
CRI-Ver     - 0.60 *** 
HND-06B      - 
 
Table 38. Correlations in zinc concentration among entries in the High Mineral Nursery across  sites in 
 Colombia and Central America. 
 
 CIAT 07A POP 06B QUIL 06B CRI-Ala CRI-Ver HND-06B 
CIAT 07A - 0.64 *** 0.64 *** 0.78 *** 0.68 *** 0.29 
POP 06B  - 0.51 *** 0.57 *** 0.57 *** 0.24 
QUIL 06B   - 0.58 *** 0.59 *** 0.27 
CRI-Ala    - 0.67 *** 0.16 
CRI-Ver     - 0.26 
HND-06B      - 
 
Contributors: S. Beebe, M.A. Grajales, C. Cajiao, R. Araya, J.C. Rosas and O. Mosquera 
 
 
 77 
1.4.3    Interspecific crosses for improved iron and zinc levels 
 
Rationale:  In the small seeded beans with tropical adaptation it has been difficult to reach goal levels of 
iron of 100+ ppm.  As previously reported, we are therefore pursuing interspecific crosses with high iron 
accessions of P. dumosus (P. polyanthus) and P. coccineus. 
 
Materials and Methods: The original sources had expressed as high as 127 mg kg-1 iron in grain 
harvested under greenhouse conditions (although field harvested grain is often lower in iron). One 
backcross of the interspecific F1 was performed to the line FEB 226. Individual BC-1 F1 plants have 
different patterns of introgression from P. dumosus that will determine the degree of expression of the 
high iron trait. In 2006 we selected individual F2 plants within F1-derived BC-1 F2 families, and analyzed 
a bulk of F3 seed from sister F2 selections to identify the best groups of sisters expressing introgression for 
high iron.  In F3 generation, we again made individual selections, and bulked F4 seed of these to identify 
best groups of sister families.   
  
Results and Discussions: Data on iron and zinc in F2 and F3 generations appear in Table 39.  The low 
and high iron checks were quite stable over the two semesters, with the high iron check MIB 465 giving 
63 mg kg-1. In both the F2 and the F3 generations, a small number of families averaged nearly 20 mg kg-1 
more than MIB 465, while the range among F3 families was as high as 98 mg kg-1.  Zinc likewise 
presented ranges well above MIB 465, as high as 56 mg kg-1.  A line with very high iron and zinc, good 
vegetative adaptation and good pod set appears in Figure 45. While the highest levels are normally found 
in materials of poor adaptation (late maturity, poor pod set), even lines of 80 mg kg-1 iron or 45 mg kg-1 
zinc would represent an important gain in genetic potential. Several families with these levels presented 
excellent adaptation, and could feasibly be tested in highland areas of East Africa. Selected F4 families 
from the present planting will be used as parents in the F5 generation in the fall of 2008, in crosses with 
tropically adapted lines.  
 
Although interspecific crosses with an Andean bean (CAL 96) were also created, these did not show 
evidence of significant introgression of the high iron trait, with one possible exception that remains to be 
confirmed. Interspecific crosses to introgress the high iron trait into Andean types are now being 
reinitiated.   
 
Table 39.   Creation of high iron parents from interspecific crosses in Colombia. 
 
 Iron Zinc 
(FEB 226 x  
(FEB 226 x  
G35575-2P))-F1 
F2 
bulk 
F3 
bulk 
Range,  
F3 Fam. 
F2 F3 Range,  
F3 Fam. 
-11 72 81 70-98 41 43 39-53 
-13 72 85 80-93 41 44 40-49 
-18 81 86 77-97 40 47 43-56 
DOR 500 
37 45  31 30  
MIB 465 63 63  42 41  
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Figure 45.  An F3.4 progeny row, derived from an F3 family with 86 mg kg-1 iron and 50 mg kg-1  zinc, 
 versus 45 mg kg-1 iron and 31 mg kg-1 zinc in DOR 500 check.  
 
 
Contributors: S. Beebe, C. Cajiao, M.A. Grajales and O. Mosquera 
 
 
Progress towards achieving output milestones: 
 
 
• Families with more than 40 mg kg-1 advantage over checks in iron concentration were recovered 
from interspecific crosses.  
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Output 2:   Improved, large-seeded, bean germplasm resistant to major biotic and  abiotic stresses 
 with greater nutritional and market value 
 
Activity 2.1    Developing germplasm with multiple resistant to diseases 
 
Highlights:  
 
• Breeding lines of the ‘Cargamanto’ type were screened for CORPOICA, identifying 16 families 
segregating for recessive resistance genes for BCMV, and one family that was homozygous 
resistant.  
 
• Marker assisted selection was implemented for two angular leaf spot resistance genes in the 
nutritional breeding program.   The markers SH18 and PF5 were used in marker assisted selection 
on 319 and 133 progeny from crosses with the resistance sources, AND277 and G10474, 
respectively.  The markers were implemented with alkaline extraction DNA and suggestions were 
made on how to improve their use in future work.  An additional 1400 selections have been made 
from crosses involving 3 other potential ALS resistance sources (G5686, G10909, Mex 54). 
 
• The effectiveness of marker assisted selection for anthracnose resistance was determined using 
two markers, SAB3 and SAS13, for selection of the genes Co-5 and Co-42, respectively in six 
backcross populations of the resistant parent G2333 with susceptible commercial type recurrent 
parents from the Cargamanto and Agrario seed classes.  High levels of resistance were 
successfully transferred to the BC1 derived families. 
 
• The results of 13 ALS isolates showed that the isolates were of both the Andean and Middle-
American types.  Mexico 54 and G 5686 were resistant to all 13 isolates, both of them were large 
seeded differentials; Cornell 49242 was resistant to nine, and PAN 72, G 2858, Flor de Mayo and 
BAT 332 were each resistant to seven isolates.  These results were consistent with those 
previously obtained at ARC-GCI and these sources of resistance are used in the breeding 
programs to improve bean varieties in selected market classes for South Africa and other 
countries in SADC region. 
 
• Crosses were made to incorporate drought and high Fe and Zn levels in red speckled sugar beans. 
Advanced lines with CBB, ALS, rust and halo blight were used as disease resistant parents and 
NUA 56, AND 620 as parents with high Fe and Zn, while SEA 5, SEA 15 and SEA 16 were 
included as parents with drought resistance. 
 
• Markers have successfully been used to compile a characterized root rot and ALS nursery which 
is currently comprised of 
o Twenty four RIL’s possessing the RWR719 root rot gene 
o Five entries from crosses combining resistance to ALS and Pythium, and positive for 
Mex 54 ALS and RWR 719 root rot genes 
o Nine entries from BC-S5 F5 (GLP 2 x RWR 719) possessing the RWR719 root rot gene 
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2.1.1     Incorporating recessive resistance to BCMV and BCMNV 
 
The incorporation of broad-spectrum recessive resistance to BCMV and BCMNV has been increasingly 
important in the Bean Project, especially in past years. This type of resistance is stable and prevents 
undesirable linkage problems associated with certain commercial seed colors and susceptibility to these 
viruses. One of the most commercially valuable climbing common bean cultivars in Colombia is 
‘Cargamanto,’ but this cultivar is susceptible to BCMV in the highlands of Antioquia, its main production 
area. ‘Cargamanto’ also presents linkage problems between its commercial seed coat characteristics and 
susceptibility to the virus, associated with monogenic dominant resistance conferred by the necrosis I 
gene. Consequently, the incorporation of broad-spectrum recessive resistance to BCMV has been the 
main strategy to improve this valuable variety. This year, we continued the screening of Cargamanto lines 
produced by CORPOICA, for a final selection of 17 lines. Of these lines, 16 were still segregating for 
mosaic and immunity, which suggests that further individual selections must be made within these lines. 
Only one of these lines was homozygous resistant.  
 
2.1.2   Marker assisted selection for angular leaf spot resistance in the nutritional 
 breeding program 
 
Rationale:  Angular leaf spot (ALS) is a serious disease in humid low and mid-elevation bean production 
areas.  The disease is caused by a fungal pathogen, Phaeoisariopsis griseola that is well known for its 
pathogenic variability.  Various resistance genes have been characterized in both the Andean and 
Mesoamerican genepools. However, resistance is often location-specific depending on the races prevalent 
in a given area.  The disease reaction exhibited by leaves and pods from the same genotype can be 
different suggesting that separate genes can control resistance in these organs.  Therefore it is important to 
pyramid various sources of resistance when trying to develop new varieties that will be field resistant to 
the widest array of races in many bean-growing regions.  The objective of this research was to evaluate 
marker assisted selection for two resistance genes in multiple crosses of high mineral beans with ALS-
resistant parents. 
 
Materials and Methods:  The two SCAR markers used for the study were the SH18 marker for the 
resistance gene Phg-1 from the Andean resistance source AND277 reported by Carvalho et al. (1998) and 
implemented by Queiroz et al. (2004a) as well as the AFLP derived markers PF5 and PF9 for the 
resistance gene contained in the Mesoamerican climbing bean G10474 reported by Mahuku et al. (2004).   
Various genotypes were used for marker validation and the markers were then tested on segregating 
families.   Alkaline extraction was used for DNA extraction and in some cases compared with miniprep 
DNA to assure similar amplification patterns. 
 
i.) AND277 derived markers:  Nine genotypes were used in the validation of the AND277 derived 
marker, including the high mineral genotypes G14519 and G21242, the BCMV resistant mid-altitude 
climbing beans MBC30, MBC32, MBC33, SEL1475, SEL1477 and the ALS resistance genotypes 
AND277 and Mex54.  The marker was evaluated in double repetition due to some inconsistencies in 
amplification.   
 
ii.)  G10474 derived markers:  Nine genotypes were used in the validation of the G10474 derived markers 
and two different Taq polymerases were tested.   The test genotypes included parents in the nutritional 
quality breeding program:  G10474, G14519, G21242, G23823E, NUA35, NUA56, SEL1476, SEL1477 
and SEL1478.   G14519 was repeated twice as both alkaline extraction and miniprep DNA. (Figure 46)  
In addition, during marker assisted selection the parental genotypes MBC7, MBC12, MBC33, MBC35 
and MBC39 were also evaluated.  PF5 was found to work with alkaline extraction DNA while PF9 did 
not. 
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Figure 46.  Amplification of alkaline extraction DNA for Lane 1 G10474, Lane 2 G14519, Lane 3 
 G 21242, Lane 4 G23823E, Lane 5 NUA35, Lane 6 NUA56, Lane 7 SEL1476, Lane 8 
 SEL1477, Lane 9 SEL1478, and for miniprep DNA of Lane 10 G14519. 
 
 
 
Amplification of alkaline extraction DNA for Lane 1 G10474, Lane 2 G14519, Lane 3 G21242, Lane 4 
G23823E, Lane 5 NUA35, Lane 6 NUA56, Lane 7 SEL1476, Lane 8 SEL1477, Lane 9 SEL1478, and for 
miniprep DNA of Lane 10 G14519. 
 
 
Results and Discussion: 
 
 
A.  Parental Screening:  
 
Both the SH18 and PF5 markers were in coupling with the resistance genes but varied in terms of 
resistance source or genepool (Andean versus Mesoamerican) specificity.    In the case of the AND277 
derived dominant marker SH18 all climbing beans tested were negative for the 520 bp marker band as 
was the Mex54 resistance source, although one selection had conflicting results (SEL1477) with 
amplification in one repetition.  This allowed us to use the SH18 marker in a wide set of crosses as 
described in greater detail below.   In the case of the G10474 derived co-dominant marker PF5, the 
resistance-associated band (330 bp) was found in the resistance source as well as in the high mineral 
source genotypes G14519, G21242 and G23823E but not in the high mineral advanced breeding lines 
NUA35 and NUA56 nor in the mid-altitude climbing beans MBC12, MBC33, MBC39, SEL1476 and 
SEL1477.   The breeding lines MBC35 and SEL1478 were similar to the high mineral sources in having 
the resistance-associated allele.   
 
Taq Fermentas 
Taq CIAT 
1       2        3        4       5        6        7        8        9       10 
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B.  Marker assisted selection: 
 
i.)  Crosses with AND277:  A total of 319 single plant selection rows were evaluated for the AND277 
derived marker SH18 (Table 40).   Of these, 27 were from simple crosses, 201 were from double crosses 
and 91 were from multiple crosses.  The marker was evaluated in replicate given that some amplification 
failures were found after a single reading.  The data is reported for the consensus of the first and second 
readings.  Segregation was skewed towards presence of the band in the simple cross families and absence 
of the band in the double or multiple cross families as would be expected in the early generations 
evaluated and given that the marker is dominant. 
 
ii.) Crosses with G10474:   In the first evaluation, a total of 25 F3.4 families from the simple cross of 
NUA56 x G10474 were evaluated for the PF5 marker.  The resistant band was found in 22 out of the 25 
families evaluated in the first reading and in 15 out of the 25 families evaluated in the second reading 
(Table 41).  The discrepancy was due to the small size difference between the R and S alleles that led to 
some mis-identifications in the first reading.   The distribution of alleles found in the second reading 
would agree with the normal segregation for the marker as a single locus.   In a second test of marker 
assisted selection efficiency, 108 F1.2 families from double or multiple crosses were evaluated for the 
same marker (Table 42).  In this case, a total of 59 families were found to have the R allele and 39 were 
found to have the S allele, while 2 families had both alleles and were scored as segregating or 
heterozygous.   The observed segregation agreed with the expected segregation given that in each double 
cross two parents contained the resistance associated allele (ie. G10474 the actual resistance source and 
any of the mineral sources, G14519, G21242 and G23823E) while two other parents contained the 
susceptible associated allele.   The parental genotypes used in the validation of this marker, especially the 
high mineral source parents, as well as the distribution of the R band in the double crosses tested made 
exact selection for the resistance gene difficult but would allow some negative selection against the 
susceptible allele.   
 
Conclusions and Future Plans:  Marker assisted selection was implemented to begin the selection of 
one Andean and one Mesoamerican resistance gene for ALS resistance.   The Andean gene was deployed 
in bush beans while the Mesoamerican bean was deployed in crosses that segregated for both bush and 
climbing beans.   Both dominant and co-dominant markers were used during the course of the breeding 
program.   The two markers should be used more widely, however, care must be exercised with both 
markers for different reasons.   In the first case, the SH18 marker is dominant and gave variable results 
across two readings, perhaps due to amplification problems with alkaline extraction DNA.  Meanwhile, 
PF5 was a co-dominant marker but had small size difference between the R and S alleles, which led to 
some misidentifications as well.  In the future, we will be implementing marker-assisted selection for 
several other ALS resistance sources that have been used to develop breeding populations for the 
improvement of Andean beans.  The selections made to date for these five sources are listed in Table 43 
with over 1500 selections in climbing beans and 139 selections in bush bean crosses. 
 
 
Collaborators:  M.W. Blair, H.F. Buendia, M. Navia, C. Jara. S. Beebe  
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Table 40.   Evaluation of simple, double and multiple cross progeny for the AND277 derived ALS 
 marker, SH18.    
 
Cross code Pedigree band 
present 
band 
absent 
 
∑ 
Simple Crosses    
22960 AND277 X G14519 6 3 9 
22961 AND277 X G21242 12 6 18 
Double Crosses    
24221 (G23823E X MBC30) X (AND277 X NUA 56) 1 5 6 
24223 (G23823E X MBC33) X (AND277 X NUA 35) 4 2 6 
24230 (G10474 X G23823E) X (AND277 X NUA 56) 0 1 1 
24244 (G10909 X G23823E) X (AND277 X NUA 56) 0 2 2 
24252 (G14519 X SEL1479) X (AND277 X NUA 56) 1 1 2 
24259 (G14519 X MBC30) X (AND277 X NUA 56) 1 5 6 
24281 (G21242 X SEL1477) X (AND277 X NUA 56) 1 3 4 
24289 (G21242 X MBC30) X (AND277 X NUA 56) 5 7 12 
24318 (G5686 X G14519) X (AND277 X NUA 35) 1 0 1 
24321 (MEX 54 X NUA35) X (AND277 XG  14519) 0 1 1 
24331 (MEX 54 X NUA56) X (AND277 XG  14519) 2 5 7 
24348 (MEX 54 X G14519) X (AND277 X NUA 56) 4 7 11 
24349 (MEX 54 X G14519) X (AND277 X NUA 35) 1 0 1 
24329 (MEX 54 X G21242) X (AND277 X NUA 56) 2 9 11 
24330 (MEX 54 X G21242) X (AND277 X NUA 35) 0 2 2 
24343 (MEX 54 X NUA56) X (AND277 XG  21242) 1 7 8 
24344 (MEX 54 X NUA35) X (AND277 XG  21242) 3 3 6 
24332 (MEX 54 X NUA56) X (AND277 XG 23823E) 2 1 3 
24346 (MEX 54 X G23823E) X (AND277 X NUA 35) 1 0 1 
24347 (MEX 54 X G23823E) X (AND277 X NUA 56) 3 2 5 
24351 (AND277 X NUA35) X (G 14519 X SEL 1475) 1 1 2 
24352 (AND277 X NUA35) X (SEL 1475 XG  21242) 3 5 8 
24358 (AND277 X NUA56) X (G 14519 X SEL 1475) 4 2 6 
24361 (AND277 X NUA56) X (SEL 1475 XG  21242) 2 7 9 
24362 (AND277 X NUA56) X (SEL 1475 XG 23823E) 2 5 7 
24353 (AND277 X NUA35) X (SEL 1479 XG 23823E) 5 0 5 
24357 (AND277 X NUA56) X (G21242 X SEL 1479) 5 1 6 
24364 (AND277 X NUA56) X (SEL1479 X G23823E) 5 1 6 
24287 (AND277 X NUA56) X (G21242 X SEL1477) 5 0 5 
24363 (AND277 X NUA56) X (SEL1477 X G23823E) 3 1 4 
24354 (AND277 X G14519) X (G14519 X MBC40) 3 1 4 
24355 (AND277 X G21242) X (G14519 X MBC40) 1 0 1 
24356 (AND277 X G23823E ) X (G14519 X MBC40) 2 1 3 
24359 (AND277 X NUA56) X (G14519 X MBC32) 2 1 3 
24365 (AND277 X NUA56) X (MBC32 X G21242) 2 4 6 
24360 (AND277 X NUA56) X (G14519 X MBC33) 3 3 6 
24366 (AND277 X NUA56) X (G23823E X MBC33) 2 6 8 
24367 (AND277 X NUA56) X (G5686 X G14519) 1 1 2 
24369 (MBC7 x G14519) x (AND277 X NUA56) 2 2 4 
24371 (MBC32 x G23823E) x (AND277 X NUA35) 0 2 2 
24372 (MBC32 x G23823E) x (AND277 X NUA56) 2 6 8 
subtotal  88 113 201 
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Table 40.  cont’d. 
 
Cross code Pedigree band 
present 
band 
absent 
 
∑ 
Multiple Crosses    
24378 (AND277 X NUA56 ) x (MBC33 x (G23823E X MBC33)) 3 8 11 
24379 (AND277 X NUA35 ) X (MBC33 x (G14519 X MBC33)) 5 7 12 
24380 (AND277 X NUA56 ) X (MBC33 x (G21242 X MBC33)) 1 6 7 
24381 (AND277 X NUA56 ) X (MBC34 x (G21242 X MBC34)) 3 3 6 
24411 (MBC33 x (G23823E X MBC33)) X (AND277 X NUA35) 0 2 2 
24415 (MBC33 x (G14519 X MBC33)) X (AND277 X NUA56 ) 1 15 16 
24417 (MBC34 x (G23823E X MBC34)) X (AND277 X NUA35) 2 5 7 
24418 (MBC34 x (G14519 X MBC34)) X (AND277 X NUA35) 5 1 6 
24422 (MBC34 x (G23823E X MBC34)) X (AND277 X NUA56) 1 7 8 
24424 (MBC34 x (G14519 X MBC34)) X (AND277 X NUA56) 7 9 16 
subtotal  28 63 91 
 
 
Table 41.  Evaluation of 25 F 3.4 families from the simple cross NUA56 x G10474 for the G10474 
 derived ALS marker, PF5.    
 
Entry Identification 1st reading 
PF5-330 
2nd reading 
PF5-330.H2 
1522 .   22969-(M) F2-  1Z-(CM)Z R R 
1523 .   22969-(M) F2-  3Z-(CM)Z R R 
1524 .   22969-(M) F2-  5Z-(CM)Z S S 
1525 .   22969-(M) F2-  6Z-(CM)Z R R 
1526 .   22969-(M) F2-  7Z-(CM)Z R S 
1527 .   22969-(M) F2-  8Z-(CM)Z R S 
1528 .   22969-(M) F2-  9Z-(CM)Z R S 
1529 .   22969-(M) F2- 10Z-(CM)Z R S 
1530 .   22969-(M) F2- 12Z-(CM)Z R S 
1531 .   22969-(M) F2- 13Z-(CM)Z R S 
1532 .   22969-(M) F2- 14Z-(CM)Z R S 
1533 .   22969-(M) F2- 15Z-(CM)Z NA NA 
1535 .   22969-(M) F2- 18Z-(CM)Z R R 
1536 .   22969-(M) F2- 19Z-(CM)Z R R 
1537 .   22969-(M) F2- 20Z-(CM)Z R R 
1538 .   22969-(M) F2- 21Z-(CM)Z R R 
1539 .   22969-(M) F2- 22Z-(CM)Z R R 
1540 .   22969-(M) F2- 23Z-(CM)Z R R 
1541 .   22969-(M) F2- 24Z-(CM)Z R R 
1542 .   22969-(M) F2- 25Z-(CM)Z S S 
1543 .   22969-(M) F2- 26Z-(CM)Z R R 
1544 .   22969-(M) F2- 27Z-(CM)Z R R 
1545 .   22969-(M) F2- 28Z-(CM)Z R R 
1546 .   22969-(M) F2- 29Z-(CM)Z R R 
1547 .   22969-(M) F2- 31Z-(CM)Z S S 
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Table 42.  Evaluation of 108 F1.2 families from double and multiple crosses between high mineral beans, 
 BCMV resistant MBC lines and the ALS resistance source, G10474.  
 
Cross code Pedigree Res 
Allele 
Susc 
allele 
Het NA Total 
Double crosses 
24216 (G23823E X MBC7) X (G10474 X NUA56) 3 4 0 0 7 
24218 (G23823E X MBC12) X (G10474 X NUA56) 1 3 0 1 5 
24222 (G23823E X MBC30) X (G10474 X NUA56) 2 1 0 0 3 
24231  (G10474 X NUA56) X (G23823E X MBC33) 5 6 0 2 13 
24234  (G10474 X NUA56) X (G21242 X MBC39) 10 1 0 0 11 
24235  (G10474 X NUA56) X (MBC38 X G21242) 2 2 0 0 4 
24236  (G10474 X NUA56) X (G23823E X MBC39) 4 3 1 0 8 
24293  (G21242 X MBC34) X (G10474 X NUA56) 1 0 0 0 1 
24294  (G21242 X MBC34) X (G23823E X G10474) 1 0 0 0 1 
24297  (G21242 X MBC35) X (G10474 X NUA56) 1 0 0 0 1 
24373  (MBC32 x G23823E) x (G10474 X NUA56) 4 0 0 0 4 
24375  (MAC64 x G21242) x (G10474 X NUA56) 3 0 0 0 3 
subtotal  37 20 1 3 61 
Multiple crosses 
24389  (G10474 X NUA56) X (MBC28 x (G23823E X MBC28))  6 2 0 0 8 
24392  (G10474 X NUA56) X (MBC33 x (G23823E X MBC33))  7 4 1 0 12 
24396  (G10474 X G23823E) X (MBC28 x (G23823E X MBC28))   1 0 0 0 1 
24398  (G10474 X NUA35) X (MBC33 x (G23823E X MBC33))  1 0 0 1 2 
24428  (MBC26 x (G21242 X MBC26)) X (G10474 X NUA56)  3 5 0 0 8 
24400  (MBC26 x (G14519 X MBC26)) X (G10474 X NUA56)  3 2 0 1 6 
24421  (MBC34 x (G23823E X MBC34)) X (G10474 X G23823E) 2 1 0 2 5 
24426  (MBC34 x (G23823E X MBC34)) X (G10474 X NUA56)  1 4 0 0 5 
subtotal  24 18 1 4 47 
Total  61 38 2 7 108 
 
 
Table 43.  Summary of selection from various crosses made with five different ALS resistance source. 
 
Climbing beans       
 AND277 G5686 G10474 G10909 MEX54 total 
Simple crosses 27 2 53 10 14 106 
Double crosses 199 154 252 44 380 1029 
Multiple crosses 91 60 110 27 87 375 
Total 317 216 415 81 481 1510 
       
Bush beans       
 AND277 G5686 G10474 G10909 MEX54 total 
Simple crosses 35 26 0 0 13 74 
Double crosses 18 22 3 2 20 65 
Multiple crosses 0 0 0 0 0 0 
Total 53 48 3 2 33 139 
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2.1.3   Marker assisted backcrossing of anthracnose resistance into Andean climbing beans 
 
Rationale:  Anthracnose, caused by the fungal pathogen Colletotrichum lindemuthianum, is a serious 
biotic constraint on common bean (Phaseolus vulgaris) in many areas of East Africa, Central America 
and South America.  A set of differentials has been used to identify over a dozen genes and QTLs 
affecting resistance/ susceptibility reactions of different races of the pathogen to different common bean 
genotypes.  Co–evolution is known to have occurred between fungal pathotypes and the two gene pools 
found in common bean so that Andean races attack Andean genotypes and Mesoamerican races attack 
Mesoamerican genotypes, while Andean genotypes resist Mesoamerican races and Mesoamerican 
genotypes resist Andean races.  Therefore the best sources of resistance for breeding programs is often 
found in the complementary gene pool and genes for resistance must be introgressed through wide crosses 
and recurrent selection or backcrossing between Andean and Mesoamerican genotypes.  Our objective in 
this study was to use marker assisted backcrossing to introgress resistance from the Mesoamerican 
genotype G2333 into six Andean climbing beans form the large-red and red or pink-mottled seed classes 
which are established commercial types, popular with consumers in the Andean region (including 
Colombia and Ecuador). 
 
Materials and Methods: 
 
Plant Materials: Six backcross populations produced by crosses between G2333 and six commercial 
varieties (four of the large red, bola roja type, i.e. ‘Cabrera,’ ‘Moreno,’ ‘Pesca’ and ‘Simijaca,’ one of the 
pink mottled type, ‘Agrario’ and a red mottled type ‘Cargamanto.’  In all cases the commercial varieties 
were used as maternal and recurrent parents and G2333 as the paternal source of resistance.  Individual 
plants from the first backcross generation were allowed to self to derive BC1 F1.2 families from 
individually harvested plants for the backcrosses to one of the commercial parents (i.e. (Pesca x G2333) x 
Pesca and Pesca x (Pesca x G2333).   
 
DNA extraction:  Two DNA extraction techniques were used based on 1) an alkaline extraction protocol 
modified for use in common beans and 2) a proteinase K miniprep technique.  For the alkaline extraction 
technique, a hole-puncher was used to remove 6 mm disks of tissue from young leaflets of each individual 
plant, which were transferred sequentially to the wells of a 96 microtitre plate using sterile forceps.  Each 
well was used for tissue from a single genotype and plants were identified by their alpha-numeric address 
within the 96 well plates.  After harvesting, the plate was kept refrigerated until further processing which 
involved adding NaOH, incubating the samples in a water bath at 100°C for 2 min, macerating with a 
small plastic pestle, neutralizing and diluting as described previously.  The proteinase K technique 
involved extracting DNA with ammonium acetate, inactivating proteins with SDS/proteinase K and 
precipitating polysaccharides under high salt conditions.   
 
PCR amplification:  Two SCARs, namely SAB3 linked with the Co-5 gene and SAS13 linked with the 
Co-4 gene, were used for marker-assisted selection.  All amplification reactions were performed on a 
PTC-200 thermal-cycler with a total reaction volume of 15 ulL containing 5 uL of DNA of the 
appropriate dilution for alkaline extraction DNA.  After amplification the PCR products were evaluated 
by adding 2 uL of loading buffer  to the samples and analyzing them in horizontal electrophoresis 
chambers, using agarose gels at 1.5% with 0.5 ml ml–1 of ethidium bromide, submerged in 0.5X TBE 
buffer run at 200–220 V for 30 min.  Amplification tests were performed on the differentials for 
anthracnose resistance. 
 
Inoculation and disease reaction:  Disease reaction was evaluated by inoculating BC1 F1.2 families and 
controls with spores of C. lindemuthianum race 1 at a concentration of 1.2 x 106 conidia per ml in water at 
15 days after planting with seedlings in the primary leaf stage.  The control genotypes included G2333 
which was used a positive control for resistance and the commercial variety and recurrent parent Pesca as 
well as ‘La Victorie,’ as negative controls for susceptibility.  After inoculation, the plants were taken to a 
greenhouse where they were kept at temperatures of 20 to 22°C and relative humidity of approximately 
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100%.  Ten days after inoculation, the plants were evaluated using the 1 to 9 scale, where plants with 
disease-reaction scores of 1 to 3 were resistant and plants with scores of 4 to 9 were susceptible. 
 
Results and Discussion:  
 
1.  Standardization of the alkaline extraction procedure  
 
The twelve differential cultivars for anthracnose were used to standardize the alkaline extraction method 
as shown in Figure 47.  The two SCAR markers worked well with alkaline extraction microprep DNA, 
presenting the same expected band sizes as with the control proteinase K miniprep extraction DNA for the 
source genotype G2333.    For SAB3, the same 400 bp band was observed for both microprep DNA from 
G2333 (lane 5) and miniprep DNA from G2333 (lane 13).   Similarly, for SAS13 the expected 950 bp 
band was found for G2333 based on both microprep and miniprep DNA (lanes 5 and 13).  The only 
discrepancy for the amplification of the two markers with alkaline extraction microprep DNA compared 
to control reactions using proteinase K miniprep DNA was found for SAS13 which with proteinase K 
DNA showed a positive band for three genotypes with alternate alleles of Co-4, namely ‘TO,’ ‘PI 
207262’ and ‘Widusa’ which agrees with previous results.  The lack of amplification of alkaline 
extraction DNA for these three genotypes may be due to allele specificity that is detected with the lower 
quality DNA. The amplification of the two SCAR markers with template DNA obtained through the 
alkaline extraction method required the use of a DNA concentration curve that varied the dilution factor 
from 1:10 to 1:50.  The dilution factor of 1:20 enabled us to obtain optimal quality of amplification for 
both SCARs.  The dilution factor is probably important given that for alkaline extraction no DNA 
purification steps are carried out before its use in the PCR reactions.  This means that the DNA may have 
contaminants, including polysaccharides, polyphenolics and other secondary compounds.  The 
concentration of these contaminants may be higher in the lower dilutions such as 1:1, 1:5 or 1:10, 
explaining why PCR reactions fail at these dilutions and only work at higher dilution factors such as 1:20 
or more.   
 
Figure 47.  PCCR amplification of the proteinase K (panel A) and alkaline extraction DNA (panel B) for 
 the  SCAR markers SAS13 and SAB3 in the anthracnose differential genotypes: MDRK 
 (lanes 1 in both panels and both markers), Perry Marrow (lanes 2), Kaboon (lanes 3), 
 Michelite (lanes 4), G2333 (lanes 5), AB136 (lanes 6), Cornell 47-292 (lanes 7), Mexico 222 
 (lanes 8), PI207262 (lanes 9), Widusa (lanes 10), TO (lanes 11), TU (lanes 12). Lane 13 
 represents reaction with proteinase K DNA for G2333.  
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2. Alkaline extraction versus proteinase K extraction  
 
To compare the amplification of alkaline microprep and proteinase K miniprep extraction DNAs in a real-
life MAS setting, we evaluated 158 BC1 F1 plants as shown in Table 44.  Using miniprep DNA as a 
control in these 158 plants, we obtained 6 false negatives with SAB3, which corresponded to a correlation 
value of r = 0.93 (P = <.0001), and 3 false negatives with SAS13 which corresponded to a correlation 
value of r = 0.97 (P = <.0001).  In certain cases the alkaline extraction DNA was found to be more 
reliable than the miniprep DNA given that false negatives were also produced with the miniprep DNA 
compared to the alkaline extraction DNA (Figure 48).  A total of 13 samples (7 with SAB3 and 6 with 
SAS13) amplified with DNA obtained through alkaline extraction but not with miniprep DNA.  To rule 
out error, proteinase K miniprep DNA extraction and PCR reactions were repeated and amplification was 
obtained with the respective SCARs on this second run, confirming that the previous samples had been 
false negatives.  Therefore, although overall the proteinase K method was found to be an effective DNA 
extraction technique, the cleaning step in the process of decontaminating DNA in this technique may not 
be sufficient for some tissue samples and may somewhat reduce its repeatability.  Meanwhile, the alkaline 
extraction technique was found to perform very well.   
 
Table 44.  Marker amplification for SAB3 and SAS13 SCAR markers in 158 BC1 F1 plants from six 
 backcross (BC) populations using microprep (alkaline) versus miniprep (proteinase K) DNA 
 extraction methods.  
 
Pedigree of BC population SAB 3† SAS13 Total   
 Microprep Miniprep Microprep Miniprep  
 + - + - + - + -  
Agrario x (Agrario x G2333)  15 15 14 16 10 20 10 20 30 
Cabrera x (Cabrera x G2333) 10 14 10 14 9 15 8 16 24 
Cargamanto x (Cargamanto x G2333) 16 11 15 12 12 15 12 15 27 
Moreno x (Moreno x G2333) 12 10 9 13 11 11 11 11 22 
Pesca x (Pesca x G2333) 14 15 13 16 15 14 14 15 29 
Simijaca x (Simijaca x G2333) 16 10 16 10 18 8 17 9 26 
Total  83 75 77 81 75 83 72 86 158 
†  -: band absent, +: band present 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 48.  SAB3 marker amplification in a subset of Pesca x (Pesca x G2333) BC1 F1 plants from the marker 
 assisted backcross breeding program using a) proteinase K miniprep and b) alkaline lysis microprep 
 extraction procedures.  Positive (R) and negative (S) control genotypes, G2333 and Pesca indicated in 
 right hand lanes. Arrows indicate false negatives in the PCR amplification of the miniprep DNA.   
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3.  Efficiency of marker-assisted selection 
 
To determine the efficiency of marker assisted selection in selecting anthracnose resistance we decided to 
evaluate a group of 266 BC1 F1.2 plants representing eight BC1 F1 derived families from the backcross: 
Pesca × (Pesca × G2333) with disease phenotyping and marker genotyping as shown in Table 45.  After 
disease reaction screening with C. lindemuthianum inoculation and marker evaluation for markers SAB3 
and SAS13, the appropriate chi-square statistics were calculated for both phenotypic and genotypic 
information based on the expected segregation for the eight BC1 F1 derived families.  Of the full set of 
families, two families were derived from plants that amplified only with SAB3 with a total of 59 
individuals (designated as either BC1 F1.2-1 or BC1 F1.2-2), two other families were derived from plants 
that amplified only with SAS13 with a total of 72 individuals (BC1 F1.2-3 or BC1 F1.2-4), two further 
families were derived from plants that amplified with both markers together with a total of 107 
individuals (BC1 F1.2-5 or BC1 F1.2-6); and finally two families from plants that showed no amplification 
of either marker with a total of 28 individuals (BC1 F1.2-7 or BC1 F1.2-8).   In addition, 25 plants were 
used as check genotypes: 5 of Pesca and 7 of La Victorie to represent susceptible genotypes and 13 of 
G2333 to represent the resistant genotype.   The expected phenotypic segregation ratios tested for the 
BC1 F1.2 families were either 3:1 or 15:1, resistant to susceptible, based on the marker genotypes and 
predicted phenotypes of the original BC1 F1 plant and the observed segregation ratios and chi-square 
values as shown in Table 45.  Similarly, the genotypic segregation ratios for the two markers were 
evaluated in each family. The results of the disease inoculation for the eight BC1 F1.2 families validated 
marker assisted selection except in the case BC1 F1.2-5 family where an early recombination event 
between SAB3 and Co-5 may have occurred changing the phase from coupling to repulsion for this 
marker and separating the resistance gene from the SAB3 marker and in BC1 F1.2-8 which was expected 
to be highly susceptible but was shown to segregate for resistance instead, an inconsistency that could be 
explained as a result of a false negative at the time of evaluation for SAS13 as discussed above.   
 
Conclusions and Future Plans:   Both Co-42 and Co-5 genes were found to be effective against the 
anthracnose races used in the inoculation.  High level of resistance were found in families segregating for 
both genes highlighting the importance of the digenic interaction between the two genes and the 
advantage obtained on being able to pyramid them in a single population.  In terms of marker assisted 
selection, both markers and both DNA extraction techniques were found to be appropriate however some 
false negatives were found with SAS13.  Furthermore, SAB3 was found to be loosely linked to the Co-5 
resistance gene. Ideally, new markers should be developed which resolve these problems of loose linkage 
in the case of SAB3 and imperfect repeatability of SAS13, however both markers are useful starting 
points for marker assisted selection.  Finally, our results bear out the utility of G2333 as an effective 
resistance source in breeding programs to develop varieties with anthracnose resistance for the Andean 
region.  Significantly, we found that even in a single backcross of G2333 to the genotypes used in this 
study we could produce useful commercial segregants although combining ability for seed size was still 
problematic since this resistance source is from the Mesoamerican gene pool and has small seed while the 
commercial bean varieties we used were all typical of highland Andean climbing beans with large seed. 
 
Collaborators:  M.W. Blair (IP-1/SB-2 Project, CIAT), L.N. Garzón, G. A. Ligarreto  
 (Univ. Nacional – Bogotá) 
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Table 45.  Segregation for SAB3 and SAS13 marker genotypes and anthracnose disease reaction in 
 eight BC1 F1.2 families generated from the Andean climbing bean ‘Pesca’ and the resistance 
 source G2333.  
 
Plant No. † Disease reaction† Genotype§ 
     SAB3 SAS13 
 Expected 
ratio (R/S) 
Observed 
ratio (R/S) 
X2  P Expected 
ratio (+/-) 
Observed 
ratio (+/-) 
 X2  P Expected 
ratio (+/-) 
Observed 
ratio (+/-) 
 X2  P 
  BC1 F1.2 -1 3:1 32:6 1.72 0.19 3:1 32:6 1.72 0.19 0:1 0:38 0.00 1.00 
  BC1 F1.2 -2 3:1 19:15 6.63 0.01* 3:1 22:12 1.92 0.17 0:1 0:34 0.00 1.00 
  BC1 F1.2 -3 3:1 14:19 18.68 0.00* 0:1 0:33 0.00 1.00 3:1 25:8 0.01 0.92 
  BC1 F1.2 -4 3:1 22:4 1.28 0.26 0:1 0:26 1.92 1.00 3:1 18:8 0.46 0.50 
  BC1 F1.2 -5 15:1 39:12 25.99 0.00* 3:1 42:9 0.00 0.23 3:1 38:13 0.01 0.94 
  BC1 F1.2 -6 15:1 52:4 0.08 0.78 3:1 42:14 0.00 1.00 3:1 33:23 7.71 0.01* 
  BC1 F1.2 -7 0:1 0:14 0.00 1.00 0:1 0:14 0.00 1.00 0:1 0:14 0.00 1.00 
  BC1 F1.2 -8 0:1 7:7 3.5 0.06 0:1 0:14 0.00 1.00 3:1 10:4 7.14 0.01* 
Pesca¶ All Susc. --- --- All absent 0.00 1.00 All absent --- --- 
La Victorie All Susc. --- --- All absent 0.00 1.00 All absent --- --- 
G 2333 All Res. --- --- All present 0.00 1.00 All present --- --- 
* Significant at P < 0.05 probability level 
† BC1 F1.2 families 1 and 2 are derived from BC1 F1  plants that were positive for SAB3; families 3 and 4 from plants that 
were positive for SAS13; families 5 and 6 from plants that were positive for both SAB3 y SAS13; families 7 and 8 from 
plants that were negative for both markers.  Expected ratios as described in text.     
† Disease reaction determined by inoculation with spores of Colletotrichum lindemuthianum at a concentration of 1.2 x 106 
conidia per mL in water at 15 days after planting with seedlings in the primary leaf stage. 
§  Absence (-) and presence (+) of the corresponding markers used to determine chi-square values.   
¶ A total of 25 susceptible or resistant checks were used in the phenotypic and genotypic evaluations. 
 
 
2.1.4 Breeding for specific bean market classes within Southern Africa Bean Research Network  
  (SABRN) 
 
Rationale:  The bean breeding program in southern Africa continued to follow the bean breeding strategy 
for Africa, which was developed in 2001.  In this strategy, the NARS breeding programs within SABRN 
share responsibilities in developing improved bean genotypes of specific market classes by incorporating 
yield, adaptation and resistance genes for various important stresses at regional level.  The CIAT-SABRN 
regional bean breeding program, based in Malawi provides backstopping support to the NARS programs 
in selected market classes: red mottled, brown/tan, dark red kidney and sugar.  This section of the report 
covers activities of the regional breeding program in Malawi, capturing evaluation of segregating 
populations and nearly finished lines in various market classes, as well as support activities from the 
NARS program in South Africa. 
  
A. SABRN breeding activities: 
 
Evaluation of bean germplasm developed for specific market classes for adaptation, yield and 
reaction to biotic and abiotic stresses in Malawi 
 
This section of the report captures the progress towards developing bean germplasm adapted to the 
different bean production environments (Chitedze 1100 masl and Bembeke 1600 masl) in Malawi, 
representing some of the bean production environments in the region covered under the Southern Africa 
Bean Research Network.  The bean breeding program in Malawi generates segregating populations for 
various attributes, combining grain yield, adaptation to low soil fertility, resistance to diseases: angular 
leaf spot (ALS), and common bacterial blight (CBB) and preferred grain market classes.  The populations 
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and lines were at different generations, ranging from segregating populations in F2 through F6 to fixed 
lines above F8.  This report focuses on the evaluation of these populations and lines categorized by market 
classes. 
 
Materials and Methods: Over 1500 F1s were planted at Chitedze, to advance them to the next 
generation. These were simple crosses (416) combining preferred characteristics from commercial bean 
varieties with good sources of resistance to angular leaf spot or common bacterial blight diseases.  The 
remainder, 1057 were three-way crosses combining commercial grain types, resistance to diseases and 
high micronutrient content (high Fe and Zn) 
 
In addition there were over 2000 segregating populations ranging from F2- F5 and nearly fixed lines F6 –
F8 which were planted at Chitedze and Bembeke.  The segregating populations were developed for 
different grain market classes 
 
Results and Discussions: The bean crop performance was rather poor this reporting period because of 
the heavy rains received at both sites Chitedze and Bembeke (Table 46 a and b.). The two sites received a 
lot of rainfall during flowering and early pod development stages of the crop, resulting in severe flower 
drop-off and consequently leading to low pod load and poor grain yield.  The incessant rainfall combined 
with favorable weather (warm temperatures at Chitedze and cool temperatures at Bembeke) as shown in 
Table 46, were also conducive to high disease pressure.  Common bacterial blight CBB) was severe at 
Chitedze, while angular leafspot (ALS) and floury leafspot (FLS) were common at Bembeke (Table 47)  
 
Table 46.   Monthly temperature (oC) and rainfall (mm) data for Chitedze and Bembeke. 
 
a.)  during 2007 bean growing season 
 
 
 
 
 
 
 
 
 
b.)  during 2006 bean growing season 
 
 
 
 
 
 
 
 
 
 
The amount of rainfall received during the crop season, between January and March 2007 at Chitedze 
(650 mm) was much more than in the same period in 2006 (470 mm), which partly explains the poor crop 
yield in 2007 (Table 47), compared to over 2000 kg ha-1 among the Khaki bean market class for example 
in 2006. At Bembeke, the rainfall was heavy between January and March (1000 mm) during both crop 
seasons (2006 and 2007), and likewise the crop yields were poor in both seasons. 
 
 Chitedze Bembeke 
 Temperature Rainfall Temperature Rainfall 
Month Max oC Min oC (mm) Max Min (mm) 
January 25.4 18.1 411.8 22.8 14.6 546.4 
February 27.2 19.5 196.7 22.7 15.2 242.9 
March 26.9 17.2 53.5 23.3 15.4 234.2 
Total   662.0   1023.5 
 Chitedze Bembeke 
 Temperature Rainfall Temperature Rainfall 
Month Max oC Min oC (mm) Max Min (mm) 
January 27.5 18.6 145 22.6 14.6 346 
February 27.7 18.5 153 23.4 14.0 335 
March 26.8 17.8 184 21.7 13.8 354 
Total   482   1035 
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Table 47.     Performance of top 20 F5 Khaki lines at Bembeke and Chitedze 
 
  Disease scores Grain Yield kg ha-1 Seed color 
 CTZ BBK CTZ BBK Mean  
IDENTITY CBB CBB ALS FLS     
CIM-KHAK-04-02-02 4 2 7 7 1313 144 728 Segregating 
CIM-KHAK-04-06-14 4 1 7 7 1169 166 667 Segregating 
CIM-KHAK-04-06-15 4 1 7 7 1200 123 662 Segregating 
CIM-KHAK-04-07-10 4 1 6 7 1178 126 652 Segregating 
CIM-KHAK-04-06-11 4 1 7 7 1053 212 633 Segregating 
CIM-KHAK-04-06-12 3 1 7 7 1110 145 628 Segregating 
CIM-KHAK-04-07-23 6 1 7 7 1055 153 604 Segregating 
CIM-KHAK-04-07-19 3 1 2 5 1149 56 602 Segregating 
CIM-KHAK-04-07-09 5 1 3 7 1145 0 573 Segregating 
CIM-KHAK-04-01-33 4 1 6 6 786 280 533 Segregating 
CIM-KHAK-04-07-21 5 1 7 7 672 341 506 Segregating 
CIM-KHAK-04-09-48 4 1 3 6 431 573 502 Segregating 
CIM-KHAK-04-07-11 5 1 7 7 976 14 495 Segregating 
CIM-KHAK-04-01-34 3 1 7 7 636 346 491 Segregating 
CIM-KHAK-04-09-02 3 1 7 7 605 336 470 Segregating 
CIM-KHAK-04-07-08 5 1 4 7 927 0 464 Segregating 
CIM-KHAK-04-07-05 5 1 4 7 906 20 463 Segregating 
CIM-KHAK-04-06-13 3 1 7 8 596 313 455 Segregating 
CIM-KHAK-04-09-06 2 1 4 7 433 471 452 Segregating 
CIM-KHAK-04-09-09 3 1 6 7 521 365 443 Segregating 
Mean 4 1 6 7 893 209 551  
SE+/-     61.4 35.3 19.2  
CV %     30.9 75.9 15.7  
BBK = Bembeke, CTZ = Chitedze, ALS = angular leafspot, CBB = common bacterial blight, FLS = floury leafspot 
 
 
The trend of poor crop performance for all the segregating populations and fixed lines, at both locations 
was the same as the example of F5 Khaki lines (Table 47), such that no selections based on grain yield 
performance were made from these nurseries, because the severe crop damage. Instead the seed was 
regenerated off-rainy season, under irrigation to raise sufficient seed for field evaluation in 2008. 
 
 
B. Support from NARS partners 
 
In South Africa like other countries within the SADC, the breeding activities are targeted at the market, 
although some cultivars are also targeted at household consumption.  In a very competitive world, it is 
important to stay ahead with cultivars relevant for the market, sustaining high yields and other preference 
criteria, to be attractive for both the producer and the consumer.  To achieve high yields, it is necessary to 
breed cultivars with disease resistance to minimize losses due to diseases, while still retaining the 
characteristics required by consumers.  The bean research program in South Africa takes the lead in 
developing improved bean germplasm for 2 market classes: red speckled sugar and small white canning 
beans.  In addition the program backstops the breeding programs in different countries by incorporating 
genes for important diseases in germplasm of various important market classes for resource poor farmers 
outside South Africa. 
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Breeding for resistance to fungal diseases 
 
Angular leaf spot (ALS) caused by (Phaeoisariopsis griseola) is the most important fungal disease of dry 
beans (Phaseolus vulgaris) in Africa and can cause yield and quality losses of up to 80%.  Diseases such 
as rust and root rots also can cause serious losses.  Breeding for resistance is the only cost effective and 
sustainable solution for producers who cannot afford expensive chemicals to control diseases.  Backcross 
programs utilizing cultivars popular with small-scale farmers and consumers in bean-producing SADC 
countries were initiated using various sources of ALS, rust, and root rot resistance (MAR 2, G 5686, 
Mexico 54, Cornell 42942, BAT 332, DOR 633, G 5653, Mexico 309, CC 547, SCAM 80, MLB-49-85A, 
MLB-36-89A and several rust resistant “Bel” lines from the USDA, Beltsville. 
 
During the present phase, crossing, backcrossing and screening was continued in the greenhouse.  
Additional resistance sources included Sederberg, DOR 364, Ouro Negro, PI 181996 and PI 260418.,  
Progeny, as well as recently released “Bel” lines,  were screened and segregating lines with improved 
ALS and rust resistance were evaluated in the field at Cedara (summer) and Makhathini (winter) for 
disease resistance and other properties and selections made.  Three lines were provided to the South 
African program on Participatory Plant Breeding for Small Scale Farmers, and 24 lines to the SABRN 
coordinator for distribution to SADC countries.  Breeders and pathologists from SADC and ECABREN 
countries are invited to send seed of any varieties with promising ALS, rust and / or root rot resistance for 
inclusion in the screening process.  Thirteen ALS isolates were analyzed by CIAT on the standard set of 
differentials.  Mexico 54 and G 5686 were resistant to all 13 isolates, G 5686 being the only resistant 
large seed differential; Cornell 49242 was resistant to nine, and PAN 72, G 2858, Flor de Mayo and BAT 
332 were each resistant to seven isolates.  These results were consistent with those obtained previously at 
ARC-GCI.  Isolates were of both the Andean and Middle-American types, also confirming the results 
obtained locally.  The numbers of Middle-American type isolates are still slowly increasing in South 
Africa, and more small seeded varieties are therefore, becoming susceptible, especially in the humid 
eastern parts of the country. 
 
Breeding for resistance to bacterial diseases  
 
Bacterial diseases (halo blight, common blight and bacterial brown spot) are important limiting factors in 
dry bean production.  The most effective and economic control strategy for bacterial diseases is the use of 
genetic resistance. The aim of this research program is to study variation in the pathogen population, 
evaluate resistance sources for their reaction against the local pathogen population and to use identified 
resistance sources to improve resistance of locally adapted cultivars by means of backcrossing. 
 
Backcrosses to improve resistance to common and halo blight in different seed types were continued, 
using resistance sources, XAN 159, Vax 4 (CBB) and Kranskop-HR1, PI150414 (HB), respectively. 
Single plant selections of segregating populations from these crosses were evaluated in artificially 
sprayed field trials at Potchefstroom and Makhathini Research Station. Lines with enhanced levels of 
resistance and acceptable seed type will be selected and sent to the SABRN coordinator to distribute to 
participating countries for further evaluation.  
 
Characterization and mapping of halo blight resistance genes and tagging them for marker-assisted 
selection (MAS) are being continued through collaborative research between ARC-GCI and the USDA 
(Bean Cowpea CRSP).  Halo blight resistance sources (differentials and quantitative resistance sources) 
were crossed with the universal susceptible differential line, Canadian Wonder, to initiate development of 
RIL populations. These, together with existing RILs, developed in the USA, are currently being 
phenotyped for their reaction to different races of the pathogen. 
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Crosses were made to incorporate drought and high Fe and Zn levels in red speckled sugar beans. 
Advanced lines with CBB, ALS, rust and halo blight were used as disease resistant parents and NUA 56, 
AND 620 as parents with high Fe and Zn, while SEA 5, SEA 15 and SEA 16 were included as parents 
with drought resistance. F1 seed of these crosses were planted in the greenhouse and selfed. Progenies of 
crosses with CBB resistant parents were inoculated and evaluated for resistance. F2 progenies will be 
evaluated for disease resistance in field trials at Cedara and Potchefstroom. Resistant F3 progenies will be 
made available to the SABRN coordinator for further evaluation. 
 
Biotechnology 
 
The published Ur-11 marker resulting from a cross between Rudá (recipient) and Belmidak RR1 (donor) 
was tested in our local gene pool. The results indicated the marker Ur-11 would not be applicable. There 
was thus a need to develop a new marker linked more specifically to Ur-11 in our local material. A 
segregating population resulting from a cross between a susceptible cultivar from our local gene pool 
(Kranskop) with the resistant PI 181996 of Middle-American origin was developed. Pooling of DNA also 
known as bulked segregant analysis (BSA) was utilized. Two PCR techniques were employed; the AFLP 
and RAPD techniques. A total of 144 AFLP primer combinations were tested whereby only 14 primer 
pairs yielded 19 putative markers that showed co-migration with the resistance gene. Further verification 
of these possible markers revealed only five markers linked in the individuals included in the bulks. Two 
of the markers were easily repeatable and were cloned and converted into sequence-characterized 
amplified regions (SCARs). The use of the SCAR markers is being tested and optimized in the 
segregating population. However, it may not to be linked tightly to the resistance gene. The SCARs can 
aid plant breeders in the screening of plants that carry the Ur-11 resistance gene in our local gene pool 
and will be further investigated. 
 
 
Contributor:   R. Chirwa 
Collaborators:   S. Beebe, M. Blair, G. Mahuku, R. Buruchara, P. Kimani, L. Kalolokesya,   
  A. Liebenberg, M. Liebenberg, D. Fourie, C. Mienie and Malawi Bean Team  
 
 
 
2.1.5  Developing bush and climbing bean lines with resistance to Pythium root rot, angular leaf 
 spot, and bean common mosaic and necrotic viruses. 
 
Rationale: Work has been on-going to genetically improve resistance to major diseases that affect major 
commercial and adapted bush and climbing bean cultivars in the region of which, angular leaf spot, 
Pythium and Fusarium root rots, anthracnose, and bean common mosaic (BCMV) and bean common 
mosaic necrotic virus (BCMNV) have been our focus. Genetic improvement is considered an appropriate 
strategy, particularly for resource poor farmers. Recombinant inbred lines, backcross populations, 
combined crosses and new introductions are all being utilized to introduce, combine and pyramid 
resistance against the diseases with selection using a variety of methods, including marker assisted 
selection (MAS), which is gradually being adapted to enhance the effectiveness and efficiency of 
selection. Last year, we reported progress made in improving resistance against Pythium root rot and ALS 
in commercial and adapted bush and climbing bean cultivars. This year we continued selection from 
segregating populations and lines with a focus on yield, seed types and resistance to Pythium root rot, 
ALS and bean common mosaic virus (BCMV). 
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Materials and Methods: Preliminary yield trials were set up to study the yielding ability of the 128 
recombinant inbred lines (RIL’s) (Table 48).   The RIL’s were divided into three preliminary yield trials 
(PYT) based on seed size and the trials were lattice square designs with two replications.  
1. Two trials of large seeded progeny (PBYT1 and PBYT2) comprising of 47 lines each with 
susceptible and resistant checks 
2. PBYT3 was a small seeded nursery with 34 lines with susceptible and resistant checks 
 
 
Table 48.  RIL’s evaluated in three preliminary yield trials at Kawanda Agricultural research institute 
 (2007A) 
 
 No. lines evaluated  
Cross PBYT1 PBYT2 PBYT3 Lines evaluated 
CAL 96 X AND 1062  5 4 0  
CAL 96 X MLB 49-89A 0 2 2 9 
CAL 96 X RWR 719 0 1 1 4 
GLP 2 X AND 1055 0 0 2 2 
GLP 2 X RWR 719 3 3 5 2 
GLP 2 X MLB 49- 89A 10 9 6 11 
GLP 585 X AND 1055 1 1 4 25 
GLP 585 X AND 1062  5 4 8 6 
GLP 585 X MLB 49-
89A 15 18 3 17 
GLP 585 X RWR 719 1 0 1 36 
URUGEZI X AND 1055 3 2 0 2 
URUGEZI X AND 1062 0 1 0 5 
URUGEZI X SCAM 
80CM/15  4 2 1 1 
Total 47 47 34 7 
 
 
Last year we tested the presence of the RWR719 resistance gene using the PYAA19800 marker in 52 
RIL’s that had RWR719 as a parent. This year we repeated the study to reconfirm our results. All the 
RIL’s were to be screened for the presence of root rot resistance genes using MAS, based on the donor 
parents as shown in the Table 49.  Progenies from a cross-code were grouped together basing on the 
desired market class, seed size and shape and other good seed characteristics. One hundred seeds from 
each cross code were sown in trays containing the Pythium Root rot Isolate MS 61. The tray consisted of 
10 test rows and 2 controls (susceptible and resistant check). At 21 days after planting, the plants were 
uprooted, washed and root symptoms assessed using the 1-9 CIAT disease scale and plants that obtained a 
score between 1-3 were transplanted into pots to produce seed and DNA extracted from them for analysis 
using molecular markers to confirm the presence of the resistance gene. Only DNA from the plants from 
the RWR719 cross code were evaluated because the SCAR marker (PYAA19800) linked to root rot 
resistance gene in RWR 719 was the only marker available.  Progenies from the other donor parents are 
yet to be screened as markers were not available; their DNA was stored till the markers are in hand. DNA 
was extracted from young trifoliate leaves of 2-week old plants using ammonium acetate method 
(Mahuku, 2004). The trifoliate leaves were ground with the aid of sterile sand in an extraction buffer 
consisting of Tris-HCl (pH 8), EDTA,Sodium chloride, proteinase K and SDS. The resulting slurry was 
incubated at 65oC for 1 hour. Ammonium acetate was later added, the DNA precipitated using 
isopropanol and the resulting pellet washed with 70% ethanol. DNA was quantified using a DyNA quant 
200 fluorometer (Hoeffer Inc, San Francisco, CA). Each PCR reaction consisted of 10ng of the DNA in a 
12.5µl reaction volume consisting of 0.2mM dNTPS, 1mM magnesium chloride, 1XPCR buffer, 0.4mM 
of each of the primer and 0.1 units of Taq polymerase. Each amplification cycle consisted of the 
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following steps: 15 seconds at 94oC, 40 seconds at 63oC, and 40seconds at 72oC. After 35 cycles the 
samples were subjected to a final extension for 7min at 72oC and kept at 4oC. Amplicons were resolved 
on 1.2% agarose gel stained with 10 mg ml-1 ethidium bromide and the gel subsequently immersed in 
0.5XTBE. Electrophoresis was performed at 70V for 1 hour, bands visualized under UV light and the 
image captured on a digital camera mounted on a computer. 
 
Table 49.   Classification of RIL’s to according to donor parent for screening using molecular markers 
 
Donor Parent  Progenies developed from the RIL’s 
Urugezi CAL96 GLP- 585 GLP-2 Total 
AND 1062 7 12 28 12 59 
RWR 719 1 6 7 40 54 
MLB 49-89A - 6 112 61 179 
SCAM 80 CM/15 17 1 2 4 24 
AND 1055 14 - 10 3 27 
 
In year 2004, we reported that twenty backcross populations of the above crosses (Table 49) had been 
developed to transfer Pythium root rot resistance into popular market class types (backgrounds). Over the 
year these populations were advanced and selections done basing on the resistance to Pythium root rot and 
ALS using both phenotypic and MAS. Last year, 20 plants from nine back cross progenies of the cross 
BC-S5 F4 GLP2 x RWR 719 were found to be positive for the RWR719 SCAR marker and were hence 
selected. This year these plants put in a in a preliminary yield trial (PBYT) to study their yield potential.  
In addition, 310 progenies that were selected from fourteen populations/ bulks/families at BC–S4–F3 and 
6 backcross populations at BC-S4-F4 last year were advanced to BC-S4-F5 and evaluated under field 
conditions this year. Selections were made based on good agronomic characteristics, plant architecture, 
high percentage recovery of  seed types, shape and size  of the recurrent parent, resistance to root rot, 
angular leaf spot, BCMNV and BCMV under natural infection.  
 
Efforts to combine resistance genes to Pythium root rot and ALS resulted in a number of combined 
crosses. Last year 44 combined cross populations with RWR719 as a parent i.e., [(CAL 96 x RWR 719) x 
(CAL 96 x Mex 54)] were screened for the presence or absence of “I” gene on the basis of SW13 marker 
as well as presence of the RWR719 Pythium root rot marker. These lines had also been previously found 
positive for the ALS OPE4709 SCAR marker in the analysis done on 285 progenies from combined 
crosses. From the analysis, five lines were positive for the root rot PYAA19800 marker. These five entries 
hence bear both the marker linked to the resistance gene in Mex 54 associated with resistance to angular 
leaf spot and the marker linked to the resistance gene in RWR 719. They are currently under 
multiplication for inclusion in the characterized root-rot nursery.   
 
Out of 145 MAC and bush beans received from CIAT Colombia last year, 24 lines (MBC, VRA, and 
VCM) were selected for resistance to Pythium root rot using MS 61 isolate. These 24 lines plus 25 MAC 
lines received recently have been sent to Rwanda, Kakamega/ Kenya, and the Ugandan National Bean 
program (UNBP) in Namulonge for further screening for resistance to angular leaf spot (Mesoamerican 
and Andean races) and Pythium root resistance. In addition, we received seed of 84 accessions which 
were Recombinant inbred lines and the parents of the cross G2333 x G 19839 from CIAT–headquarters in 
early 2007.  The seed was multiplied and part sent to Rwanda and Namulonge, while another was 
remained Kawanda for adaptation studies, i.e., both agronomic and pathological at all three sites. We also 
received seed of 264 NUV lines from CIAT-headquarters early last year. These lines were also multiplied 
and divided as described for the RIL’s from the CIAT-headquarters. Adaptation studies were also carried 
out on these lines. However 10 of these lines failed to give any seed.   
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A characterized disease nursery is being compiled at Kawanda Agricultural Research Institute. The 
nursery is comprised progeny from of selections made on the RIL’s, backcross populations and combined 
crosses that consistently show the presence of the resistance genes using the available molecular markers 
(ALS, Pythium root rot, BCMV, BCMNV and anthracnose). Once compiled seed of the accessions will 
be multiplied and sent to partners within the region for further testing under different environmental 
conditions.   
 
Results and Discussion:  
 
i.)    Yield performance of recombinant inbred lines (RILs) for improved resistance to Pythium root rot 
 and angular leaf spot (ALS) 
 
Total yield per plot was converted to yield per 10 plants by dividing the total yield of shelled grain per 
plot by the number of plants harvested and multiplying by 10. Generally yield per 10 plants varied 
significantly among the all the progenies in the different nurseries. Most of the progenies had a yield in 
the range of 40-80 kg 10 plants-1, however also a large percentage had yield in the range of 20-40 kg 10 
plants-1. Two progenies from the cross GLP 2 x RWR 719 and GLP585 x AND1062 had yields >80 kg 10 
plants-1.  The resistant check RWR 719 had a yield in the range of 40->80 kg 10 plants-1 while the 
susceptible check CAL 96 had a yield in the range of  <20-80 kg 10 plants-1 (Table 50). 
 
Table 50.  Number of lines in yield (kg 10 plants-1) category of RIL’s from three Preliminary yield trials 
 (PBYT) at Kawanda Agricultural Reszrach station (2007A) 
 
Lines  Total no. lines evaluated 
Yield (kg/ 10 plants) [No of lines] 
<20 20-40 40-80 >80 
CAL 96 X AND 1062  9 0 4 5 0 
CAL 96 X MLB 49-89A 4 0 4 0 0 
CAL 96 X RWR 719 2 1 1 0 0 
GLP 2 X AND 1055 2 0 2 0 0 
GLP 2 X RWR 719 11 1 3 6 1 
GLP 2 X MLB 49- 89A 25 2 7 16 0 
GLP 585 X AND 1055 6 0 2 4 0 
GLP 585 X AND 1062  17 2 8 6 1 
GLP 585 X MLB 49-89A 36 1 17 18 0 
GLP 585 X RWR 719 2 0 0 2 0 
URUGEZI X AND 1055 5 0 2 3 0 
URUGEZI X AND 1062 1 0 0 1 0 
URUGEZI X SCAM 80CM/15  7 0 1 6 0 
CAL 96 (Susceptible) 1 0 1 2 0 
RWR 719 (Resistant) 1 0 0 1 2 
Total 130 7 52 70 4 
 CV (%): PBYT1= 31.2, PBYT2= 35.2, PBYT3= 35.3; s.e.d (P=0.05): PBYT1= 11.95, PBYT1 = 16.47, PBYT3= 15.07; PBYT1 and PBYT2 are 
 comprised of large seeded lines while PBYT3 is comprised of only small seeded lines 
 
ii.)   Selection of Recombinant Inbred Lines using the (PYAA19800) SCAR marker   
 
Of the 42 RIL’s screened using the RWR719 markers, 24 were positive for the RWR 719 molecular 
marker while 18 were not (Table 51). A specimen of the results obtained is shown (Figure 49). The 
crosses used and the distribution of plants which were positive or negative for the desired gene is shown 
in Table 51. These results differ from results obtained last year which indicated only seven plants being 
positive for the marker. This is probably because we used a different approach which involved evaluating 
only plants that showed a visual resistant reaction and not all plants within the family. This also highlights 
the need to combine both phenotypic and MAS for good breeding progress. 
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Table 51:   RIL’s screened using the showing crosses that were positive and negative for the desired gene 
 
Cross Number screened Number with gene Number without gene 
GLP 2 x RWR 719 31 19 12 
GLP 585 x RWR 719 7 1 6 
Urugezi x RWR 719 1 1 0 
CAL 96 x RWR 719 3 3 0 
Total  42 24 18 
 
 
 
            
 
 
Figure 49. Selection of RILs using the marker linked to the gene that confers resistance to Pythium root 
 rots in RWR719. Absence of band indicates no gene present, while a band shows presence of 
 the desired gene.  On the left is ECOR I digested lambda DNA molecular marker. Sample 30 
 and 1 are positive controls (RWR 719), sample 15 is the negative control. 
 
 
iii.)   Selection of backcross (BC) populations with resistance to Pythium root rot:   
 
Data for the preliminary yield trials of the selected lines (Table 52) from the BC-S5-F5 GLP2 x RWR 719 
is still being compiled and will be reported in the next reporting season. In addition seed of this cross has 
been multiplied so as to be included in the characterized root rot nursery (described later), and has also 
been distributed to partners in Kenya for on-farm trials.  
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Table 52. Progeny from the nine BC-S5 F5 GLP2 x RWR 719 populations that were selected basing on 
 the absence or presence of the RWR719 SCAR marker. 
 
BC S5 F4 lines No. of plants 
screened 
Positive Negative 
1. BC S5 F4 (GLP2 x RWR 719)/1 4 3 1 
2. BC S5 F4 (GLP2 x RWR 719)/15 4 2 2 
3. BC S5 F4 (GLP2 x RWR 719)/23 4 2 2 
4. BC S5 F4 (GLP2 x RWR 719)/28 4 4 0 
5. BC S5 F4 (GLP2 x RWR 719)/48 4 2 2 
6. BC S5 F4 (GLP2 x RWR 719)/58 4 3 1 
7. BC S5 F4 (GLP2 x RWR 719)/59 4 1 3 
8. BC S5 F4 (GLP2 x RWR 719)/65 4 1 3 
9. BC S5 F4 (GLP2 x RWR 719)/87 4 2 2 
Total 36 20 16 
 
Three hundred and eighty two BC-S4-F5.6 single plants selections were made basing on good agronomic 
characteristics, plant architecture, high percentage recovery of  seed types, shape and size  of the recurrent 
parent, resistance to root-rot and angular leaf spot, BCMNV and BCMV based on  natural infection from 
the 310 progenies. The rest of progenies were bulked basing on cross-codes and distributed to partners 
within the region for further selection basing on environment and preferred characteristics.  
 
 
iv.) Screening of combined crosses for resistance to BCMNV, ALS and Pythium root rot:   
 
The five lines positive for both the ALS and root markers are from a cross-code (CAL 96 x RWR 719) x 
(CAL 96 x MEX 54). These materials have been added to the characterized root rot nursery and they may 
be used by breeding programs. However, they will be agronomic ally characterized prior to distribution to 
partners. 
 
 
v.)      Formation of a characterized root rot nursery  
 
A characterized disease nursery comprising of progenies from the RIL’s, backcross populations and 
combined crosses that were positive for the available root rot and ALS markers is being compiled. To 
date it is comprised of 51 lines which include;    
1. Thirty seven entries from the RIL’s nursery 
2. Five entries from the ALS and Pythium combined crosses that had the Mex 54 gene and also 
found to possess the RWR 719 gene  
3. Nine entries from BC-S5 F5 (GLP 2 x RWR 719) 
 
These lines are currently under multiplication in the screen house a Kawanda.  
 
 
Contributors:     R. Buruchara, S. Sebuliba, A. Male and C. Acam 
 
Collaborators:   S. Beebe and M. Blair 
 
 100 
2.1.6  Improvement of bean common mosaic necrotic virus resistance in common bean 
 (Phaseolus vulgaris) 
 
Rationale: Bean common mosaic virus (BCMV) and Bean common mosaic necrosis virus (BCMNV) are 
important pathogens affecting production of common beans in East Africa. The dominant resistance (“I”) 
gene confers resistance to a wide range of BCMV and BCMNV strains (Drijfhout, 1978). However, some 
of the BCMV strains and all of the BCMNV strains can induce the lethal ‘black root’ hypersensitive 
systemic necrosis  reaction (HR) on germplasm with unprotected “I” gene and, therefore, limits its  
usefulness. To provide stable, broad-based resistance, a suitable strategy is to protect the “I” gene by 
combining it with strain -specific resistance recessive genes (typically bc-3 or bc-22) and also to 
introgress resistance into key materials that neither have “I” gene nor any other type of resistance against 
BCMV or BCMNV.  Last year, efforts were initiated to improve resistance of some of the key 
commercial bush and climbing beans lines or varieties (e.g. CAB 19, RWR 719, RAB 487, RWR 2075 
and RWR 1946) but which suffer from black root because of the I-gene or have no BCMV/BCMNV 
resistance at all. This year efforts continued to introgress BCMV/BCMNV resistance with the use of both 
conventional selection and markers for “I” and bc-3 and Pythium root rot resistance genes to select 
desirable progenies.  
 
Materials and Methods:  
 
i.)  Introgressing bc-3 gene into commercial root rot resistant cultivars with I-gene through 
 backcrossing.  
 
Crosses involving key root rot resistant varieties (MLB-49-89A, RWR 719, RWR 2075 and RWR 1946) 
and sources of bc-3 (USWK-6, TARS VAR -7, USCR-7, USCR-9, TARS VAR -1) were made. F1 
populations were generated and advanced to F2 by selfing. In addition, due to fear of poor adaptability of 
progenies developed from crosses with exotic donors (adaptability studies were not done on donors prior 
to crossing), a similar study was launched using local donors; UBR (92) 25, MCM1015, MCM 2001, 
MCM 5001. The latter are also resistant to the common fungal and bacterial diseases and have the both 
the I and bc-3 genes thus resulting in protection of the I gene using the bc-3 gene in crosses involving the 
root rot resistant varieties. The F1 of these crosses is currently being advanced to F2.  
 
To test for the presence of the bc-3 and I genes, DNA was sampled from 52 F2 plants of the exotic 
crosses. DNA was extracted from young trifoliate leaves of 2-week old plants using ammonium acetate 
method (Mahuku, 2004). Four plants from each cross were selected for DNA analysis using molecular 
markers as described below. The trifoliate leaves from each of the four plants were ground with the aid of 
sterile sand in an extraction buffer consisting of Tris-HCl (pH 8), EDTA, Sodium chloride, proteinase K 
and SDS. The resulting slurry was incubated at 65oC for 1 hour. Ammonium acetate was later added, the 
DNA precipitated using isopropanol and the resulting pellet washed with 70% ethanol. DNA was 
quantified using a DyNA quant 200 fluorometer (Hoeffer Inc, San Francisco, CA). PCR was performed 
using two markers, the SW 13 marker to detect the presence of the I gene and the Roc 11 marker to show 
the presence of the bc-3 gene. Each PCR reaction consisted of 10ng of the DNA in a 12.5µl reaction 
volume consisting of 0.2mM dNTPS, 1mM magnesium chloride, 1XPCR buffer, 0.4mM of each of the 
primer and 0.1units of Taq polymerase. For the detection of the I gene, each amplification cycle consisted 
of the following steps: 15 seconds at 94oC, 40 seconds at 65oC, and 40seconds at 72oC. After 35 cycles 
the samples were subjected to a final extension for 7min at 72oC and kept at 4 C while the detection of the 
bc-3 gene, involved the following steps: 15 seconds at 94oC, 40 seconds at 54oC, and 40seconds at 72oC. 
After 35 cycles the samples were subjected to a final extension for 7min at 72oC and kept at 4oC. 
Amplicons were resolved on 1.2% agarose gel stained with 10mg ml-1 ethidium bromide and the gel 
subsequently immersed in 0.5XTBE. Electrophoresis was performed at 70V for 1 hour, bands visualized 
under UV light and the image captured on a digital camera mounted on a computer. 
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In addition, at F1, a backcrossing program was started to recover the background of the recurrent parent. 
These backcross populations were screened for resistance to BCMV and BCMNV to confirm presence of 
the genes. This was done by inoculating them on the eighth day after germination using inoculum 
collected from an infected susceptible variety, G2333. The inoculum was prepared as described by Mills 
and Silbernagel (1992) from infected leaves ground in sodium phosphate buffer (pH=7.0) in 1:5 (w/v) 
ratio with acid washed sand used as abrasive. Plants were evaluated 14 and 21 days post-inoculation and 
classified into resistant (no visible symptoms) and susceptible (with typical mosaic or black root). Plants 
which didn’t express the necrotic reaction are sampled, taken to the laboratory for confirmation using a 
molecular approach and if they are proved to have the gene, they were used as donor parents in the 
backcrossing program. 
 
 
ii.)  Improving resistance to Bean common mosaic virus and Bean common mosaic necrosis virus in CAB 
 19 and RAB 487 using marker assisted selection 
 
Two released varieties grown in Rwanda CAB19 and RAB 487 susceptible to BCMV and BCMNV 
respectively were crossed to a resistant variety TARS-VR-7S, possessing both I and bc-3 genes.  
Backcross populations were developed and subjected to PCR to select the ones with targeted resistance 
genes to be advanced to the F2 generation.  Resistant BC1F1 plants were selfed to generate BC1F2 seeds. 
At BC1F1 generation, plants were selected phenotypically and genotypically.   For phenotypic selection, 
plants were artificially inoculated; the inoculum was prepared as described by Mills and Silbernagel 
(1992) from infected leaves ground in sodium phosphate buffer (pH=7.0) in 1:5 (w/v) ratio with acid 
washed sand used as abrasive.  Eight days old seedlings were inoculated by rubbing inoculum on primary 
leaves.  
 
Plants were evaluated 14 and 21 days post-inoculation and classified into resistant (no visible symptoms) 
and susceptible (with typical mosaic or black root). Genotypically, screening for the presence or absence 
of I and bc-3 genes, the SW13690 and ROC11420 molecular markers were used respectively. DNA was 
extracted from plant samples from each category of phenotypic expression (no symptom, mosaic, black 
root).  Extracted DNA was analyzed through PCR using SW13 and ROC11 markers. Molecular results 
were then compared to expected phenotype according to presence or absence of resistance genes 
(genotype aspect).  On average, the phenotypic observations were found matching the genotypic results of 
DNA-markers (resistance genes present) at 60% in the three classes (No symptoms, mosaic, Black root).   
The χ2 test was used to test for good fitness of observed ratios to expected Mendelian ratios.  
 
 
iii.)    Assessing popular bean varieties grown in Rwanda for resistance to BCMV/ BCMNV 
 
Ten varieties (mainly climbing) were planted in the screen house and artificially inoculated with BCMNV 
following the procedure described above and evaluated 14 and 25 days after inoculation.  Phenotypic 
evaluation was based was as follows, plants showing mosaic symptoms were considered to lack the 
resistance genes, those that succumbed to black root symptoms were considered to have only the I gene 
while plants that showed no symptoms were considered to posses both the I and or bc-3 genes. The 
number of resistant and susceptible plants was recorded for each variety. For molecular analyses, DNA 
was extracted from the resistant plants to test for the presence of bc-3 and I genes using ROC11 and 
SW13 markers respectively.    
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Results and Discussion:  
 
i.)   Introgressing bc-3 gene into commercial root rot resistant cultivars with I-gene through 
 backcrossing 
 
Only six plants from the crosses assayed showed the presence of both the I and bc-3 genes which confer 
resistance against both BCMV and the BCMNV. A sample of the results obtained is shown (Figure 50).  
Ten plants showed the presence of only the I gene (Figure 51) while 21 plants had neither the I  nor the 
bc3 genes (Table 53) . Plants with both genes were selected for advancement, while plants with only the 
bc-3 gene were also selected for use in further introgression with the I gene plants. 
 
 
          
 
 
 
Figure  50. Selection of materials using the ROC 11 marker. Absence of a band indicates the presence of 
 the bc-3 gene while presence of band indicates absence of the gene of interest. Sample 2 is 
 positive control variety USWK 7.Left is the 100 bpDNA ladder. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 51.  Selection of materials using the SW13 marker. Samples that have amplified are deemed to be 
 having the I gene while those that have not amplified do not have it. Sample 7 is positive 
 control variety USWK 7. On the Left is the gene ruler. 
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Table 53.    Distribution of crosses showing presence of I and bc-3 genes.  
 
Cross 
 
Only I gene 
 
Only bc-3 gene 
 
I and bc-3 genes No plants assessed 
Tars var 1s x RWR 719 0 0 0 4 
Tars var 1s x RWR 1946 3 1 1 4 
Tars var 1s x  RWR 2075 0 0 0 4 
USCR 9 x RWR 1946 0 2 0 4 
USCR 9 x RWR 719 1 1 1 4 
USWK 6 x RWR 2075 0 1 0 4 
USWK 6 x RWR 1946 3 1 1 4 
Tars var 7s x RWR 1946 3 1 1 4 
Tars var 7s x RWR 2075  1 0 0 4 
USCR 7 x RWR 1946 1 0 0 4 
USCR 7 x RWR 2075  0 1 0 4 
Total 15 10 6 4 
 
 
ii.) Improving resistance to bean common mosaic virus and bean common mosaic necrotic virus in CAB 
 19 and RAB 487 using marker assisted selection  
 
Analysis of molecular data for BC1 plants showed that the two resistance genes segregated as expected 
(p=0.6>0.05) in the RAB 487 cross while the observed ratios deviated from expected in favour of the 
resistance plants (p=0.03) in the CAB 19 cross.   Artificial inoculation of BC1F1 plants led to 25.2% and 
32.7% of resistant plants in CAB19 and RAB487 crosses respectively. The χ2 test for resistant (R) against 
susceptible (S) classes indicated that the resistance genes expressed as expected (p=0.08 and p =0.78 for 
CAB19 and RAB487 crosses respectively) at 5% level of significance (p>0.05). Analysis of molecular 
data indicated that the two resistance genes segregated together at a low rate compared to each gene 
considered separately with bc-3 gene fitting more closely the expected ratio than the I gene (p=0.44).   In 
BC2F1 (CAB19), the two resistance genes segregated as expected according to results of χ2test for good 
fitness (p=0.10). Plants with both genes will be selected and advanced further.  
 
iii.)   Assessing popular bean varieties grown in Rwanda for resistance to BCMV/ BCMNV 
 
Out of ten cultivars tested for resistance by artificial inoculation, two (BRC 4 and MAC 28) were found to 
be resistant with 78.4 % and 69.1% of resistance. The differences were observed among cultivars in time 
of symptom appearance but also disease severity.  DNA extracted from resistant plants will be analyzed 
through PCR using ROC11 and SW13 markers to investigate presence of bc-3 and or I resistance genes 
responsible of asymptomatic reaction observed on the plants. Plants with both genes will be selected and 
advanced further. 
   
In conclusion, marker assisted selection technique was found to be efficient for combining the two 
resistant genes in an epistatic genetic relationship.  Because, DNA markers are more robust and functional 
across a wide range of genetic backgrounds presents an additional positive aspect for MAS application in 
breeding.     
  
Contributors:  F. Mururokwere, R. Buruchara, A. Male. S. Sebuliba, P. Kimani, (IP-1 CIAT) 
 Gerardine Mukeshimana (UNR- Rwanda), A. Namayanja (NARO-Uganda), and  
 Geoffrey Tusiime (Makerere University - Uganda) 
 
Collaborators:  M. Blair 
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2.1.7 Improvement of beans (Phaseolus vulgaris) for resistance to Fusarium root rot 
 (Fusarium solani f.sp. phaseoli) and large seed size 
 
Rationale:  Fusarium root rot (FRR) disease, caused by the fungus Fusarium solani f.sp. phaseoli (FSP), 
is an important soil-borne disease reducing common bean (Phaseolus vulgaris L.) yields, and hence food 
security, in Uganda and elsewhere in developing countries where the crop is grown without fungicides. 
The key aim of this study was to appraise methods for screening germplasm for resistance to FRR, 
determine the genotypic variability of resistance to FRR, and the inheritance of resistance to FRR in 
common bean. This information was deemed useful in devising an appropriate strategy for breeding FRR 
resistance in beans. 
 
Materials and Methods:  
 
i.) Developing an effective technique for screening common bean germplasm for resistance to Fusarium 
 root rot (Fusarium solani f.sp. phaseoli) 
 
Resistance to FRR has been documented as a quantitative trait and as such is greatly influenced by 
environmental factors. This, therefore, suggests the need for a reproducible screening method for 
selecting resistant germplasm that would be important in the improvement of resistance of the common 
bean to FRR. The present study was conducted to determine the effect on the severity of FRR of soil 
composition, irrigation frequency, and inoculation technique in screenhouse evaluation trials. The effects 
of five soil compositions (Table 54) , and five irrigation frequency levels in one trial, and the effect of two 
inoculation techniques in another trial, on the severity of FRR on six common bean varieties were 
investigated at Kawanda Agricultural Research Institute (KARI), Uganda. The first trial was a 6 x 5 x 5 
split-split plot with three replications and the second was a 6 x 3 factorial with three replications.  
 
Table 54.    Soil analysis test results for five soil compositions 
 
Sample pH OM N  P K Ca Mg Sand Clay Silt  Textural class 
…....%....... ……………..mg l-1……………….. …………..%............ 
Forest soil 6.3 3.07 0.18 13.6 131.3 1990.02 408.25 67.8 23.6 8.6 Sandy clay loam 
80% sand:20% forest soil  6.5 1.03 0.10 11.4 36.0 2208.30 451.47 89.8 7.6 2.6 Loamy sand 
50% sand:50% forest soil 6.4 1.18 0.11 12.6 60.3 2099.16 429.86 83.8 9.6 6.6 Loamy sand 
80% clay:20% forest soil  5.1 1.40 0.12 7.5 72.7 680.34 148.94 77.8 17.6 4.6 Sandy loam 
50%clay:50% forest soil 5.5 1.86 0.14 10.0 96.0 1116.90 235.38 75.8 17.6 6.6 Sandy loam 
Critical value 5.2 3.0 0.2 5.0 150.0 350.0      
OM= Organic matter 
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ii.) Genotypic variability of resistance to Fusarium root rot (Fusarium solani f.sp. phaseoli) and 
 identification of sources of resistance  
 
The use of resistant varieties is probably the most effective control measure against for Fusarium root rot 
[Fusarium solani (Mart.) Sacc. f.sp. phaseoli (Burkholder) W.C. Snyder & H.N. Hans], especially for 
small-scale farmers who have limited access to fungicides. The objective of this study was to identify 
sources of resistance to FRR that may be used as parents in improving resistance in three large-seeded 
and popular bean varieties in Uganda. One hundred and forty seven common bean varieties were screened 
for resistance to the F. solani f. sp. phaseoli FSP-3 isolate under screenhouse conditions at Kawanda 
Agriculture Research Institute (KARI), during 2005 and 2006. They included 27 Ugandan landraces, 31 
varieties from South Africa, 52 varieties from CIAT-Africa, and 34 “resistant” varieties from CIAT-
Colombia. Three local susceptible varieties, K20, K132, and Kanyebwa, acted as checks in the trials. 
Forty six moderately resistant varieties selected from the screenhouse trial were further evaluated against 
natural inoculum in a bean root rot infested field at KARI, in order to confirm this resistance.  
 
iii.)  Improvement of resistance to Fusarium root rot in preferred bean genotypes 
 
The objective of this study was to determine the mode of inheritance of resistance to FRR.  A 12 x 12 
diallel mating design was used to develop 132 F1 and F2 populations, including reciprocal crosses on 
which analyses were conducted to study the mode of inheritance.  
 
Results and Discussion:  
 
i.) Developing an effective technique for screening common bean germplasm for resistance to Fusarium 
 root rot (Fusarium solani f.sp. phaseoli) 
 
The severity of FRR and plant stand were significantly (P≤0.05) affected by different irrigation 
frequencies, soil compositions and their combinations. However, there were no significant (P≤0.05) 
differences between the varieties under the different combinations. Planting on 80% sand:20% forest soil, 
or 50% sand:50% forest soil, gave the highest disease infection levels in all the varieties, while the lowest 
disease severity was obtained on forest soil, the commonly used soil composition for screening for root 
rot pathogens at KARI. The 50% clay:50% forest soil composition and forest soil differentiated the 
varieties most distinctly into categories according to their reaction to FRR. Furthermore, the best distinct 
classification for the varieties was obtained under treatments that were watered daily and once week. A 
combination of forest soil and daily watering provided adequate disease levels.  
 
Effect of factor combinations on the ranking of different bean varieties for resistance to Fusarium root 
rot:   
 
Though the interaction between the three factors, host resistance, soil composition and irrigation 
frequency levels, was not significant at P=0.05 on disease severity, the ranking of the different varieties 
according to their reaction to FRR varied with the different factor combinations. Generally all the five 
watering regimes were able to classify the varieties regarding their reaction to FRR, although the best 
distinct classification for the varieties was obtained under treatments that were irrigated daily and once in 
week (Figure 52). Also, irrigation once a week and daily resulted in the highest disease scores, thus only a 
few varieties would be able to escape the disease at these irrigation frequencies. 
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Figure. 52.   Effect of irrigation frequencies on the reaction of different varieties to Fusarium root rot. 
 
 
With regard to soil composition, the 50% clay:50% forest soil categorized the varieties most distinctly 
according to their reaction to FRR (Figure 53). K20 was ranked highest followed by CIM 3133-1, then by 
G3717, MLB-49-89A, MLB-17-89A and lastly Umubano with the least FRR severity. Similarly, on forest 
soil, four varieties were classified distinctly from each other in comparison to the other soil compositions 
(Figure 53). This therefore, indicates that 50% clay:50% forest should be the soil compositions of choice 
in screening for resistance to FRR as their use resulted in varieties showing different resistance levels 
making disease resistance classification easy.  
 
 
Figure 53.     Effect of soil composition on reaction of different varieties to Fusarium root rot. 
 
 107 
As shown in Figure 54a-f below, the varieties behaved differently under different soil composition and 
irrigation frequency combinations. Generally, on 80% sand:20% forest soil, and 80% clay:20% forest soil 
the different variety’s reaction to FRR varied greatly under the different irrigation frequencies when 
compared to the other soil compositions. Under forest soil and 50% sand:50% forest soil, FRR severity 
scores for the varieties, MLB-49-89A, K20, Umubano G3717, and CIM 3133-1 did not vary much, 
irrespective of the frequency of irrigation (Figure 54a-f). Similarly, on 50% clay:50% forest soil all the 
varieties apart from MLB-17-89A (Figure 54e) and CIM 3133-1 (Figure 54f) had FRR severity scores 
that did not differ very much. Therefore either forest soil or 50% sand:50% forest soil would be the soil 
composition of choice for screening for resistance to FRR as the varieties maintained similar resistance 
levels irrespective of the amount of water they received. Generally, daily irrigation resulted in the highest 
disease scores in all varieties, especially when combined with 80% clay:20% forest soil. The 80% 
sand:20% forest soil and 50% sand:50% forest soils were classified as loamy sand soil indicating that 
they contained more sand. These soils were not very different from each other with regards to the sand, 
clay and silt contents, organic matter, N, P, K, Ca, and Mg, though the 80% clay:20% forest soil had 
higher levels of all these components. The forest soil was very different from the other soil compositions 
and was classified as sandy clay forest soil because it contained lower levels of sand and more clay 
compared to the other soil compositions. It also had the highest organic matter content, nitrogen (N), 
phosphorous (P) and potassium (K), and magnesium (Mg) levels. This could have resulted in the plants 
thriving and being able to resist the pathogen much better than under the other soil compositions that were 
probably stressful to the young bean seedlings. The characteristic of the different soil compositions 
influenced reaction of the different varieties to FRR mainly through the relative compaction of the soil as 
well as on the availability of nutrients in each soil composition. Root rots are particularly severe under 
water stressed and compacted soil conditions (Burke and Hall, 1991; Thung and Rao, 1999).  
 
From the second trial, using sorghum seed as a medium for pathogen inoculation resulted in adequate 
infection levels, while using agar slurry on the other hand, resulted in very high infection levels, making 
differentiation between varieties difficult (Table 55) . A further consideration was that plant stands 
remained higher with the use of sorghum seed inoculum, ensuring enough plants for evaluation when 
required.  
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   Figure   54a 
Reaction of K20 to Fusarium root rot under different soil 
type and soil moisture level combinations
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     Figure   54b 
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Reaction of Umubano to Fusarium root rot under different 
soil type and soil moisture level combinations
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    Figure  54c 
Reaction of G3717 to Fusarium root rot under different soil 
type and soil moisture level combinations
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     Figure  54d 
Reaction of MLB-17-89A to Fusarium root rot under different 
soil type and soil moisture level combinations
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    Figure  54e 
Reaction of CIM-3133-1 under different soil type and soil 
moisture level combinations to Fusarium root rot
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      Figure  54f 
 
 
 
Table 55.  Effect on inoculation techniques on the severity of Fusarium root rot and plant stand at 28 
 dap on six bean varieties 
 
Inoculation technique Fusarium severity Plant stand 
% 1-9 Scale 
Sorghum 34.1 4.6 88.3 
Agar 48.4 8.1 63.3 
S.e.d (P=0.05)  3.81 0.34 6.07 
CV% 33.4 21.1 21.9 
 
 
 
In conclusion, the study showed that interactions of irrigation frequency, soil composition and varieties 
were not significant. Therefore, taking into consideration of the extra costs of labour and time in 
preparing different soil composition mixtures, the standard method of using forest soil and watering daily 
with sorghum seed as mode of pathogen inoculation was adopted as a screening technique for further 
studies on FRR resistance in beans  
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ii.) Genotypic variability of resistance to Fusarium root rot (Fusarium solani f.sp. phaseoli) and 
 identification of sources of resistance  
 
Generally, field and screenhouse Fusarium root rot severity data were highly correlated. Genotypes 
differed in their degree of sensitivity to Fusarium root rot under screenhouse conditions exhibiting a 
continuous distribution characteristic of quantitative traits. Although none of the varieties was immune or 
highly resistant (severity≤3) to FRR, some varieties showed moderately resistant reactions. MLB-49-89A 
and HF-465-63-1 were the most resistant with severity scores of 3.2 and 3.6, respectively.  Most of the 
resistant and moderately resistant varieties were from the nursery that had undergone previous selection 
for resistance to Fusarium wilt and Pythium root rot. The resistant varieties from CIAT-Colombia did not 
show high levels of resistance while the landraces were very susceptible to the FSP-3 isolate. The 
landrace, Hoima-Kaki, however, was only moderately susceptible to FRR, both under screenhouse and 
field conditions. Fifteen bean varieties were moderately resistant and 15 were moderately susceptible to 
FRR at 28 d after planting (dap) under field conditions. Four of these varieties remained moderately 
resistant at 56 dap and they included, G3717, MLB-49-89A, MLB-48-89A, and Kabale-White. FRR 
ratings done at 28 dap and those done at 56 dap were highly correlated, however, most varieties 
succumbed to the disease at 56 dap. FRR severity at 56 dap was shown to affect yield more than the 
severity at 28 dap. The varieties MLB-48-89A, G1459, G4795, RIZ 30, PAN128, Mbarara-Kanyebwa 
and Kabale-White had lower FRR severity at 56 dap compared to the disease scores at 28dap.  It was 
observed that the small-seeded varieties tended to be more resistant to the root rot pathogen compared to 
the large-seeded varieties. In addition, varieties with purple hypocotyls tended to be more resistant to 
FRR than varieties with green hypocotyls.  However, ratings at 56 dap were highly confounded by many 
other soil inhabiting pathogens as well bean fly. In conclusion, none of the common bean varieties 
screened had high resistance levels but forty four were identified as potential sources of resistance to 
FRR. Of these ten were large-seeded and four were medium-seeded.  
 
Genetic analysis of resistance to Fusarium root rot (Fusarium solani f.sp. phaseoli ) in common bean 
(Phaseolus vulgaris L.) 
 
Resistance to FRR was found to be additive in nature because the GCA effects were highly significant 
(P≤0.01) in both F1 and F2 generations with the varieties RWR719, Vunikingi, MLB-49-89A, Umubano 
and MLB-48-89 having negative GCA in all generations (Table 56).  
 
Table 56.  General combining ability effects of 12 bean parents for resistance to isolate FSP-3 isolate of 
 Fusarium solani f.sp. phaseoli in F1 generation. 
  
Parent 1-9 scale Percentage scale 
K20/GLP2 0.80*** 6.88*** 
K132/Cal96 0.98*** 10.32*** 
Kanyebwa 0.89*** 10.43*** 
Umubano/G2333 -0.25 -2.61 
MLB-49-89A -1.01*** -9.29*** 
RWR719 -1.18*** -11.50*** 
MLB-48-89A -0.30 -2.16 
G1459 0.10 0.23 
G4795 -0.05 -0.37 
Vunikingi/ G685 -1.00** -12.10*** 
Umgeni 0.48** 4.35* 
Hoima-Kaki 0.53** 5.81*** 
S.e.d (P=0.05) 0.20 1.699 
*, **, *** = significant at P=0.05, P=0.01 and P=0.001, respectively. 
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In addition, the F2 populations did not show any distinct segregation patterns, but had continuous 
distributions, indicating the quantitative nature of resistance to FRR. Even though overall SCA effects 
were not significant (P≤0.05), two crosses had  high, negative, and significant SCA effects (K20 x MLB-
49-89A and Umubano x Vunikingi) (Table 57).  
 
Table 57. Specific combining ability effects of F1 bean crosses for resistance to isolate FSP-3 of 
 Fusarium solani f.sp. phaseoli 
 
K2 = K20, K3 = K132, KN = Kanyebwa, M49 = MLB-49-89A, M48 = MLB-48-89A, RW = RWR719, VN = Vunikingi, G1= G1459, G4 = 
G4795, UM = Umgeni, HK = Hoima-Kaki, UB = Umubano; ; *, **, *** = significant at P=0.05, P=0.01 and P=0.001, respectively. 
 
 
In addition, negative heterosis was observed for most of the R x R and R x S crosses in this study.  
Maternal effects were highly significant in both the F1 and F2 generations, suggesting the importance of 
cytoplasmic genes on resistance to FRR (Table 58). Alternatively, in the F1 generation this could also 
reflect seed size effects of the mother plant.  Non-maternal effects were also significant in some 
populations, suggesting that the cytoplasmic genes were interacting with nuclear genes.  
 
 
Table 58.  Maternal and non-maternal effects of 12 bean parents for resistance to isolate FSP-3 of 
 Fusarium solani f.sp. phaseoli at F1 generation1 
 
 
 K2 K3 Kan Umb M49 R719 M48 G14 G47 Vun Um HK 
K2 0.06 -0.40 -0.15 0.21 -0.29 -0.30 0.65 -0.82 -0.12 0.28 0.10 0.83 
K3  -0.01 0.69 -0.17 0.02 0.57 0.17 0.05 -0.48 0.43 -1.08* -0.60 
Kan   0.44** 0.13 -0.43 -0.61 -0.66 -0.29 1.81*** 0.45 0.81 -0.34 
Umb    -0.31* 0.19 0.26 -0.94 0.27 0.16 -0.39 -0.01 0.61 
M49     -0.28 0.05 0.51 -0.99* -0.56 0.29 0.43 -0.24 
R719      -0.12 -0.06 0.46 -0.44 0.18 0.22 -0.40 
M48       0.28 0.53 0.10 -0.38 -0.51 -0.41 
G14        0.33* -0.23 -0.32 -0.18 -0.03 
G47         0.09 0.20 -0.33 0.38 
Vun          -0.37* 0.34 0.40 
UM           -0.28 -0.21 
HK            -0.41** 
S.e.dME(P= 0.05) 0.148 
S.e.dNM (P= 0.05) 0.489 
*, **, *** = significant at P=0.05, P=0.01, and P=0.001, NM= Non-maternal effects, ME = Maternal effects; K2 = K20, K3 = K132, KN = 
Kanyebwa, M49 = MLB-49-89A, M48 = MLB-48-89A, RW = RWR719, VN = Vunikingi, G1= G1459, G4 = G4795, UM = Umgeni, HK = 
Hoima-Kaki, UB = Umubano 
 
 K3 Kan Umb M49 R719 M48 G14 G47 Vun Um HK 
K2 0.69 0.35 0.00 -1.17* -0.45 0.19 -0.34 -0.57 0.01 0.50 0.79 
K3  -0.70 0.44 -0.85 -0.53 0.17 -0.89 -0.65 0.15 0.51 0.26 
KN   -0.24 -0.05 -0.87 -0.49 -0.68 0.56 0.45 -0.30 0.57 
UB    -0.47 0.15 0.82 -0.50 0.11 -1.20* 0.17 0.71 
M49     0.92 -0.08 1.41** 0.19 0.25 0.35 -0.51 
R719      0.09 -0.10 0.67 1.08* -0.47 -0.49 
M48       0.12 -0.33 -0.37 -0.43 0.31 
G1        0.70 0.08 0.36 -0.18 
G4         0.53 -0.36 -0.84 
VN          -0.34 -0.64 
UM           -0.54 
S.e.d (P= 
0.05) 
0.485 
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Evaluation of F1 and F2 generations showed that FRR resistance was governed by recessive genes for 
most of the resistant parents. However, there was evidence of more resistance genes in the variety MLB-
49-89A than in the other resistant parents. Broad sense heritability (H) varied from 0.22-0.69 among the 
crosses, while heritability in the narrow sense (h2) among the crosses was estimated as 0.348-0.49. The 
estimated number of genes governing resistance to FRR varied from two to nine among the eight sources 
of resistance.  
 
 
The mid-parent offspring regression analysis was significant (P=0.01) with a regression coefficient “b” of 
0.38±1.04 with the 1-9 scale data and 0.492±0.07 with the percentage data (Table 59). 
 
 
Table 59.    Regression analysis of F2 crosses on parental F1 scores 
 
 
Source of variance DF Mean squares 
Scale Percentage 
Regression 1 32.843** 5988.5*** 
Residual 130 1.085 124.0 
Total 131 1.328 168.7 
“b”  0.38±1.04 0.492±0.07 
** Significant at P=0.001 
 
 
F2 data indicated that 18-26% of the total variation in the mean scores of F2 population was accounted for 
by the parental F1 scores. This is very low, suggesting that the environmental effects impacting on 
resistance to FRR, were very high. Therefore, resistance expression in the F2 generation could not be 
reliably predicted based on the F1 performance. This is shown clearly by the scatter plots in Figure 55a-b.  
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Figure  55.     Regression of Fusarium root rot severity, F2 progeny scores on the F1 scores for 132 populations. 
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The allelism test of resistant x resistant populations and the observation of continuous distributions of 
severity scores, suggested the presence of many loci governing FRR resistance in beans. Therefore, the 
breeding strategy should be to develop improved populations for resistance to FRR. Selection with 
multiple backcrosses alternating between the recurrent parent and donor parent would be the best 
breeding procedure for improving resistance to FRR. However, there could be complications if the 
resistance is modified by cytoplasmic gene effects and their interaction with nuclear genes in some of the 
populations. 
 
Contributors:  C. Mukankusi (PhD Student/), R. Buruchara, C. Acam, S. Musoke 
 
Collaborators:  R. Melis (University of KwaZulu-Natal) 
 
 
2.1.8  Characterization of lines carrying separately the Co-42 and Co-5 anthracnose 
 resistance genes with race 3 of C. lindemuthianum 
 
Rationale: Anthracnose (Colletotrichum lindemuthianum (Sacc.and Magn.) Scrib is an important seed-
borne fungal disease of common bean (Phaseolus vulgaris L.) in Uganda. It is especially important in the 
highlands where the relatively cool and humid conditions favour disease development. The use of 
resistant cultivars is considered to be the most efficient and economic control method for the disease. 
However, the pathogen is highly variable and this explains the frequent breakdown of resistance, 
implying that a combination of resistance genes is needed to provide more durable resistance.  Resistance 
to anthracnose in common bean is conditioned by nine independent, major dominant genes, and one 
recessive gene. Among the alleles for resistance, Co-4 of the TO line and Co-5 of the TU line are resistant 
to several races of the pathogen and are still efficient in most areas of cultivation in Brazil (Rava et al., 
1994). Alleles Co-4 and Co-5 have already been incorporated into the study cultivars. The resistance gene 
Co-42 is dominant and the most important as it controls about 90% of the known pathogen races, but the 
complimentary action of this gene and the Co-5 gene present in cultivar G2333 is effective against all 
known races of Colletotrichum lindemuthianum. The objective of this work was to develop “commercial” 
resistant lines carrying separately the Co-42 and Co-5 genes aided by molecular markers, and to 
characterize these lines with different races of C. lindemuthianum. One way of making the resistance 
more durable is to incorporate resistance alleles from different genes into a selected cultivar. The 
principal difficulty with this approach is the time needed to identify the plants with resistance alleles since 
this generally requires systematic inoculations with different races of the fungus. In this study race 3 of C. 
lindemuthianum was utilized as it was found to infect 54 out of the 96 bean genotypes tested in a previous 
study. 
 
Materials and Method: Crosses K132, GLP 585, and K20 with G2333 respectively were developed. F1 
seeds were planted and the corresponding F1 plants were self-pollinated for the production of F2 seeds. 
Specific characteristics relative to color seed of parents and F2 seeds were used to ensure that the F1 plants 
from each cross were indeed the result of crossing and not of self pollination. The F2 segregating 
populations were used for the allelism tests. These were obtained from the selfing of the F1 populations 
obtained from the crossing of the donor parent – G2333 to each of the recurrent parents- K132, GLP 585 
and K20 respectively.  
 
Inoculum of the race 3 of C. lindemuthianum were prepared by flooding the plate cultures with a known 
amount of distilled water, scrapping the spores off using a fine brush and the suspension poured into a 
beaker and mixed thoroughly. This was repeated about 3 times, each time using fresh distilled water to 
get most of the conidia from the culture. Conidia suspensions from all cultures of were then mixed. Using 
a haemocytometer, the concentration of the spore suspension was standardized by adjusting it to 1.2x106 
spores ml-1b. One drop of tween-twenty was added per 10ml of inoculum and mixed thoroughly before 
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inoculation in order to improve the adherence of spores onto the leaf surfaces. Fourteen-day old bean 
seedlings (Vegetative stage V3) of experimental plants raised at Kalengere ARDC, Kabale district were 
used for inoculation. The recurrent parents: K132, K20 and GLP 585, and about 150 F2 plants of each 
cultivar were inoculated with monosporic cultures of race 3 of C. lindemuthianum. Whole plant 
inoculation was done using a hand sprayer. Leaves were turned up and down and both the abaxial and 
adaxial surfaces sprayed with inoculum until runoff. A control experiment (plants inoculated with clean 
distilled water) was included for each set of the experimental plants. Inoculated beans were then covered 
with transparent polythene bags in order to accumulate enough relative humidity (of approximately 95%). 
Symptom evaluation on inoculated plants commenced 8 days after inoculation. The reactions of the plants 
were evaluated 7 days after inoculation, using a 9-point symptom scale (Van Schoonhoven & Pastor-
Corrales, 1987). In this scale, 1 represents plants with no symptoms and 9, with 90% of the leaf area with 
lesion. In this study, plants graded 4 or greater were considered susceptible. The frequency ratios of the 
phenotypic classes were analyzed by the chi-square test, using the program GENES (Cruz, 2001). Nine 
phenotypic ratios were tested: 1:0 (alleles in the same locus); 15:1 (two independent dominant genes); 9:7 
(two complementary dominant genes); 13:3 (two epistatic genes, one dominant and one recessive); 63:1 
(three independent dominant genes); 57:7 (one dominant and two complementary genes); 27:37 (three 
complementary dominant genes); 61:3 (two dominant and one recessive genes); 49:15 (one dominant and 
two recessive genes). 
 
Results: To determine the number of genes segregating for resistance to anthracnose, the F2 populations 
(K132 x G 2338, K20 x G2333 and GLP 585 x G2333) were inoculated with race 3 which yields a SxR 
reaction in the parents. The progeny segregated in a 63:1 ratio of resistant to susceptible indicating that 
three genes are segregating for resistance to race 3. Allelism tests were conducted to determine if the 
resistance genes of cultivar G2333, the landrace Colorado de Teopisca (G2333) from Chiapas, Mexico, 
carries the Co-42, Co-5, and Co-7 genes conditioning resistance to anthracnose in common bean (Young 
et al., 1998). There was need to know the reaction of these genes to race 3. The susceptible controls 
(K132, K20D and GLP 585) were compatible with race 3. 
 
The F1 plants of different crosses exhibited resistant reaction indicating resistance to be dominant. The 
observed and expected frequencies of resistant and susceptible reaction of F2 populations are presented in 
Table 60. The chi square ( χ 2) values showed a good fit for the segregation ratio of 63 resistant to 1 
susceptible in F2 population of the crosses.  This supports the hypothesis of three dominant genes in 
segregation.  
 
Table 60.    Allelism test for genetic characterization of resistance to C. lindemuthianum race 3  
 
F2 population 
 
Observed frequencies Ratio Expected frequencies χ 2 P≤0.05 
Resistant Susceptible Resistant Susceptible 
K132 x G2333 120 0  63.1 118 2 2.034* 0.1538 
K20 x G2333 124 2 63.1 124 2 0* 1 
GLP585xG2333 120 0 63.1 118 2 2.034* 0.1538 
*Values not significantly different from expected ratios of  Mendelian inheritance : probability value   
χ2 0.05 = 3.841 
 
 
The segregation ratio of 63 resistant to 1 susceptible in these F2 populations confirms that the resistance in 
G2333 to “race 3” is controlled by three independent dominant genes with equal effects to race 3 (Table 
61). G2333 has been reported to possess three genes Co-42, Co-5 and Co-7 (CIAT, 1995: Kelly and 
Valleijo, 2004). 
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Table 61.    Average reaction of the F2 populations to Race 3 of Colletotrichum lindemuthianum 
 
F2 Population Resistance genes 
 Co-42 Co-42 + Co-5 Co-5 Resistant with unknown genes 
K132xG2333 1 1 1 1 
K20xG2333 1 1 1 1 
GLP585xG2333 1 1 1 1 
 
Based on our preliminary gene characterization using molecular markers, two of the genes were Co-5 and 
Co-4. To begin the molecular dissection of this gene pyramid, we used the SCAR marker SAB3 linked to 
the Co-5 locus to select against this locus among the resistant progeny of the F2 populations.  Table 62 
shows the number of plants in a given population found to bear a particular gene or a combination of the 
two genes. Unfortunately, we were not able to select for the third gene conditioning resistance to 
anthracnose in these populations but we found some plants that had neither of the two resistance genes 
and were resistant.  We speculate that they are very likely to have Co-7 gene.  
 
Table 62.    Number of F2 Plants segregating for particular anthracnose resistance genes  
  
F2 Population Resistance genes 
 Co-42 Co-42 + Co-5 Co-5 Resistant with unknown genes 
K132XG2333 35 46 12 24 
K20XG2333 38 40 27 19 
GLP585XG2333 43 32 30 15 
 
All the three genes had equal effects against “race 3”. The presence of three genes (Co-42, Co-5 and Co-7) 
in G2333 was established in these cross-race combinations. Mahuku and Riascos (2004) have reported 
“race 3” to be avirulent on all the three genes present in TO, TU, and G2333. They still report the 
susceptibility of G2333 to race 3481 and 3545 from Costa Rica and Argentina which indicate that these 
races are virulent to the above  genes in G2333, however, Tu with Co-5 is resistant to these races 
indicating interaction between Co-42, Co-5 and Co-7 genes. 
 
The response of a genotype to infection is dependent on the origin of the resistance gene carried rather 
than the gene pool to which the variety belongs (Balardin and Kelly, 1998). Therefore, the use of bred 
genotypes, where the identity and origin of the resistance genes are not known might confound the 
classification of isolates into distinct groups congruent with the diversity in P. vulgaris. 
 
In view of the results of this study and previous studies on genetics of resistance it is recommended that 
more studies should be carried out with more virulent isolates of the pathogen so that the resistance status 
of these different genes to different virulent races can be established. This will enable the breeders to 
know which materials to supply to which particular areas.  Focus should be on those that are dominant in 
Africa. There is also a need to develop molecular markers for the Co-7 gene. 
 
Using information from this study, it is recommended that a backcrossing program   should be initiated to 
incorporate anthracnose resistance into other susceptible backgrounds in the different regions.  The 
observed anthracnose resistant F2   plants should also be advanced, selected for desirable seed types, and if 
possible introduce other disease resistances to these materials.  
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2.1.9 Investigating the effect of leaf preservation methods on DNA yield, quality and 
 suitability for PCR 
 
Rationale:  The creation of user-ready markers is a process that goes far beyond simple tagging of genes. 
It implies identifying PCR-based markers: that are polymorphic across a wide range of germplasm, at 
least among other parental materials in a breeding program; that work well with DNA of sub-optimal 
quality as obtained with inexpensive, “quick-and-dirty” extraction techniques; and that are recognizable 
in agarose gels if possible. All these factors permit scaling up numbers of materials evaluated to a level 
that is useful for a breeder. The idea is to have a marker that is robust enough to be used under different 
laboratory settings and conditions. Different DNA extraction methods that include the alkaline DNA 
extraction (Klimyuk et al., 1993) and ammonium acetate method (Mahuku, 2004) will be used to test the 
suitability of developed markers for large-scale analysis in MAS. These methods do not involve the use of 
organic solvents, and therefore yields DNA that is relatively impure, compared to DNA extracted using 
the phenol/chloroform methods. However, these methods are simple and designed to handle large sample 
sizes, and therefore, are suitable for marker-assisted selection. In study investigated different DNA 
extraction techniques and the utility of the DNA obtained from them for molecular marker analysis. 
 
Materials and Methods: Bean varieties resistant and susceptible to four diseases; angular leaf spot, Bean 
common mosaic necrosis virus, anthracnose and Pythium root rots were  planted in the screen house. The 
varieties are shown in the Table 63 below. 
 
Table 63.     Varieties used in study 
 
Disease Resistant  Susceptible 
Angular leaf spot Mex 54 CAL 96, K20. 
BCMNV MCM 5001,UBR 92(25) CAB 19, RAB 487 
Anthracnose G2333 CAL 96, K20. 
Pythium root rots RWR719 CAL 96, K20. 
 
A large leaf from each of the varieties above was picked and four 3mm discs cut out using a cork borer. 
The leaf discs were then subjected to each of the following treatments: 
 
1. Maceration of fresh leaf and incubation of the slurry at 65oC for 30 min (Control) 
2. Drying leaf discs at room temperature for 7 days then maceration without prior soaking and 
incubation  of the slurry at 65oC for 30 min 
3. Drying the leaf discs at room temperature for 7 days then soaking for 30 min, maceration and 
incubation of the slurry at 65oC for 30 min. 
4. Drying the leaf discs at room temperature for 7 days then soaking for 60 min, maceration and 
incubation of the slurry at 65oC for 60 min. 
5. Spotting on whatmann 3mm filter paper and leaving at room temperature for 7 days. 
6. Preservation of leaf discs in newspapers and leaving at room temperature for 7 days. 
 
The DNA obtained was resolved on 1% agarose and electrophoresis performed at 80V for 2 hours. The 
DNA was then quantified using a DyNA quant 200 fluorometer (Hoeffer Inc, San Francisco, CA). 
Primers PYAA19800 and OPE4709 with the same annealing temperature, a single cycling program adapted 
and optimized to achieve the desired amplification. Each amplification cycle consisted of the following 
steps: 15 seconds at 94oC, 40 seconds at 65oC, and 40 seconds at 72oC. After 35 cycles the samples were 
subjected to a final extension for 7 min at 72oC and kept at 4oC. Amplicons were resolved on 1.2% 
agarose gel stained with 10 mg ml-1 ethidium bromide and the gel subsequently immersed in 0.5XTBE. 
Electrophoresis was performed at 100V for 45 minutes, bands visualized under UV light and the image 
captured on a digital camera mounted on a computer. 
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Each PCR reaction consisted of 10ng of the DNA in a 12.5µl reaction volume consisting of 0.2mM 
dNTPS, 1mM magnesium chloride, 1XPCR buffer, 0.4mM of each of the primer and 0.1units of Taq 
polymerase. Each amplification cycle consisted of the following steps: 15 seconds at 94oC, 40 seconds at 
63oC, and 40seconds at 72oC. After 35 cycles the samples were subjected to a final extension for 7min at 
72oC and kept at 4oC. Amplicons were resolved on 1.2% agarose gel stained with 10mg/ml ethidium 
bromide and the gel subsequently immersed in 0.5XTBE. Electrophoresis was performed at 70V for 1 
hour, bands visualized under UV light and the image captured on a digital camera mounted on a 
computer. 
 
Results: Of the four primers that we intended to use, reaction conditions for PYAA19800 and OPE4709 
have been fully optimized (Figure 56). 
 
 
      
 
Figure 56. PCR DNA obtained from leaves using different preservation methods. Upper gel primer 
 PYAA19800,lower gel primer OPE4709. 
 
Key: 1-6 with RWR marker and 20-25 with OPE marker 
RWR 719  DNA from fresh leaf discs 
RWR 719 DNA from filter paper preserved leaf discs 
RWR 719 DNA from newspaper preserved leaf discs 
RWR 719 DNA from Room temperature preserved leaves, no prior soaking in extraction buffer 
RWR 719 DNA from Room temperature preserved leaves, prior soaking in extraction buffer for 30 mins 
RWR 719 DNA from Room temperature preserved leaves, prior soaking in extraction buffer for 60 mins 
 
7-12 with RWR marker and 26-31 with OPE marker: 
K20  DNA from fresh leaf discs 
K20  DNA from filter paper preserved leaf discs 
K20 DNA from newspaper preserved leaf discs 
K20 DNA from Room temperature preserved leaves, no prior soaking in extraction buffer 
K20 DNA from Room temperature preserved leaves, prior soaking in extraction buffer for 30 minutes 
K20 DNA from Room temperature preserved leaves, prior soaking in extraction buffer for 60 minutes 
 
13-18 and 32-37 with RWR marker and 26-31 with OPE marker: 
CAL 96: DNA from fresh leaf discs 
CAL 96: DNA from filter paper preserved leaf discs 
CAL 96: DNA from newspaper preserved leaf discs 
CAL 96: DNA from Room temperature preserved leaves, no prior soaking in extraction buffer 
CAL 96: DNA from Room temperature preserved leaves, prior soaking in extraction buffer for 30 minutes 
CAL 96: DNA from Room temperature preserved leaves, prior soaking in extraction buffer for 60 minutes 
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The DNA yield from all the treatments was determined and the grand mean calculated using the Genstat 
computer program (Laws Agric Trust, 2006). The ANOVA of results indicated that the seven varieties 
were significantly different from each other regarding the quantity obtained as were the five techniques.  
In addition, there was a significant (P=0.001) interaction between the varieties and the preservation 
method, suggesting that there is a significant effect of preservation method on DNA yield (Table 64). 
 
Table 64. Analysis of variance (ANOVA) of DNA yield leaf discs subjected to various preservation 
 methods. 
 
Source of variation d.f. s.s. m.s. v.r. F pr. 
Variety 6 25148.81 4191.47 162.57 <.001 
Technique 5 180861.2 36172.24 1403.01 <.001 
Variety x Technique 30 66893.05 2229.77 86.49 <.001 
Residual 41 1057.06 25.78     
Total 83 274101.6       
 
Generally, the freshly ground leaf discs yielded the highest amount of DNA (201.57 ng  ml-1), followed 
by filter paper preservation technique, drying at room temperature with no prior soaking, news paper 
preservation, drying at room temperature without prior soaking and drying at room temperature with prior 
soaking for 60 minutes, and lastly the room temperature drying of leaf discs and soaking for 30 minutes 
had the lowest DNA yield (67.85 ng ml-1). It was observed that prolonged soaking of leaf discs in 
extraction buffer did not result in a significant increase in DNA yield (Table 65). The variety MCM5001 
had the highest yield (156.6 ng ml-1) and CAL 96 the least amount (101.1 ng ml-1). G2333 and K20 
yielded the highest levels of DNA when preserved on filter paper, and lowest when sun dried. In the case 
of MCM 5001, the highest DNA yield was obtained when freshly ground and lowest when dried at room 
temperature. For UBR 92 (25) and RWR719 the highest DNA yield was obtained when freshly ground 
and lowest when dried and soaked for 60 minutes, while for K20 and Mex 54, highest was on freshly 
ground and lowest when dried and soaked for 30 minutes. CAL96 had the highest DNA yield when 
freshly ground and lowest on newspaper.  
 
Table 65.    DNA (ng ml-1) of leaf discs from various bean varieties preserved using different methods. 
 
Variety 
 
 
Freshly 
ground 
 
Room 
temperature 
Room 
temp 
soak 30 
Room 
temp 
soak 60 
Newspaper 
 
 
Filter paper 
preserved 
Mean 
(Variety) 
G2333 176 93 61 80.5 92.5 192 115.8 
K20 130 116.5 114.5 115 119.5 145 123.4 
MCM 5001 219 104 113 140.5 174 189.5 156.6 
UBR 92(25) 198 169 23 27 86.5 132 127.1 
CAL 96 231 76 60 67 66 107 101.1 
RWR 719 230 169.5 60 58 93 189.5 133.3 
MEX 54 227 119 43.5 51.5 101.5 155 116.2 
 Mean 
(Technique) 201.6 121.1 67.9 77.1 104.7 158.6 
 
s.e.dvariety 
(P=0.05) 2.07 
s.e.dTechnique 
(P=0.05) 1.92 
S.e.dVariety x 
Technique 
(P=0.05)  5.08 
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Progress towards achieving output milestones:  
 
• The incorporation of the bc-3 recessive gene into tropically adapted Andean materials has been 
shown to be possible and effective to control BCMV and BCMNV in the Andean Highlands 
without modifying the commercial characteristics of grain types, such as Cargamanto.  
 
• Three lines developed by NARS in South Africa for adaptation to local environments, with 
combined resistance to angular leaf spot and common bacterial blight or rust were provided to 
partners working with small-scale farmers and other stakeholders in participatory variety 
selection in South Africa.  In addition the NARS team in South African supplied 24 lines to the 
SABRN coordinator for further distribution to NARS SADC countries. The SABRN regional 
breeding program supplied to various NARS over 100 lines of different market classes (sugar, 
calima and khaki) as well as for tolerance to low s 
 
• A number of progenies combining resistance to Pythium root rot and ALS have been identified. 
The characterized nursery is only comprised of 51 lines. 
 
• Plants showing presence of the markers have been included in the characterized nursery that will 
be distributed to Partners countries for further testing. BC1F2 seeds are being harvested and will 
be planted to generate BC1F2 plants for direct and indirect screening by artificial inoculation and 
molecular markers.   
 
• The mode of inheritance for resistance to FRR was determined, therefore, selection and 
backcrossing was found to be an effective breeding technique for improving this resistance in the 
poplar bean varieties.  
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Activity 2.2 Developing germplasm with resistance to insect pests 
 
Highlights: 
 
• Some Andean bean lines presented Empoasca tolerance at least as good and possibly better that 
the tolerant check.  
 
2.2.1 Evaluation of Andean beans for reaction to Empoasca 
 
Rationale: Most progress in breeding for resistance to Empoasca has been with Mesoamerican beans. 
Recent efforts seek to transfer resistance of these lines to the Andean gene pool.  
 
Materials and Methods: Red seeded lines with Andean genotype and resistance to bgm-1 recessive 
allele were evaluated by their resistance to the leafhopper. Methods were described in section 1.3.2.3.   
 
Results: Figure 57 shows lines that are better than ICA Pijao, the standard tolerant check. Five of these 
genotypes are more tolerant than their donor parents EMP 122, EMP 277 and EMP 320. These lines 
represent substantial progress in Andean beans for cultivation in warm dry environments such as in the 
Caribbean basin.  
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Figure 57.  Susceptibility indexes of red lines with Andean genotypes resistant to bgm-1 
 evaluated for resistance to E. kraemeri.  ICA Pijao is the tolerant control and BAT41 is the 
 susceptible control. 
 
Contributors: J. M. Bueno, and M. Blair 
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Activity 2.3    Incorporating wider genetic diversity into beans 
 
Highlights: 
 
• Drought resistance has been confirmed in lines of several Andean grain types. As in the case with 
Mesoamerican beans,  in Andean types selection for drought resistance appears seems to have 
produced lines with earlier maturity, equal or better yield potential, and improved yield efficiency 
in terms of better yield per day.  
• Two large seeded lines (KS 88/1-1 and DN 1007) from BIWADA nursery show 10-60% yield 
advantage over drought tolerant checks (Mwezi Moja and GLP x 92) under drought conditions. 
•  Effective farmer’s criteria for participatory selection under drought conditions were identified 
and validated.  
• 12 new lines were selected for combining drought tolerance and market preferred traits. 
• A hydroponic screening method was used to evaluate aluminum toxicity tolerance in advanced 
lines of Andean common beans, since these have been less well-studied than Mesoamerican 
beans.  Andean genotypes of both indeterminate and determinate growth habit, especially AFR 
298, were found to be more tolerant than Mesoamerican beans such as VAX 3 or VAX 6.  
 
2.3.1 Improving Andean beans for drought tolerance     
 
Rationale.  Drought is widely recognized as one of the most dangerous risks that farmers face. Over the 
past several years we have reported on progress in the Mesoamerican beans (Output 1), while progress in 
the Andean beans has been more recent and more modest. Improving Andean types is likely to be a 
particular challenge, given that Andean varieties are often of determinate growth habit, which seems to 
limit their overall vigor. Also, it may be difficult to recover the truly large seed type, if grain filling is not 
complete under drought. Last year we presented data on F3.5 families indicating the potential for genetic 
improvement of Andean types. This year we present data of the F6.8 generation, confirming data of 2006.  
 
Materials and Methods. Individual plants were selected from F3-derived F6 families and increased under 
non-stressed conditions for seed bulking. Four lattice designs in three replicates and 4-row plots 5 m long 
were established based on grain color:  red mottled calima type (6x6); cream mottled sugar type (6x6); 
large white (5x5); and large red (5x5).  Trials were planted in CIAT’s Palmira station in the dry season 
(June-September). The two central rows were harvested for grain yield.  
 
 Results and Discussions. Although the trials were planted with the expectation of submitting them to 
terminal stress, rainfall resulted in intermittent drought and generally lower levels of stress than in other 
years. Furthermore, variability in soil resulted in wide variability in drought intensity across the four 
trials, as indicated by the variation in the common checks, ‘Quimbaya,’ ‘Calima,’ and/or ‘COS 16.’ For 
example, ‘Quimbaya yielded from 1178 to 2318 kg ha-1 across the four trials. This was unfortunate for 
obtaining reliable data on response to drought of all materials. However, it did permit observations on the 
behavior of this germplasm across a range of stress levels, since the lines in the four trials were closely 
related genetically.   
 
In each grain class at least one line significantly outyielded the respective check for that color class 
(Tables 66-69). In the calima types (which suffered minimal stress), the line SAB 659 yielded 2358 kg ha-
1 versus 1897 kg ha-1 for ‘Calima’.  In the trial of the sugar types, under slightly more stress, several lines 
yielded more than ‘COS 16,’ the sugar bean check, although the superior lines fell into two sets of sister 
lines. The large white class was likewise headed up by a group of sister lines. These presented a wide 
advantage over both ABA 36 and Quimbaya although grain type is not adequate for the alubia market. 
The trial of the large red class suffered the most stress, and in this case, a set of sister lines presented a 
wide advantage over the Quimbaya check.  
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Table 66. Yield, days to maturity and yield per day of Andean beans in the calima grain class. 
 Statistical tests are in relation to the ‘Calima’ check. 
  
Code Pedigree Line kg ha-1 DTM Kg/D 
15459-4-MC-8C-MC-MC-14C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 659 2358* 65* 36* 
  
 ICA QUIMBAYA   2318 68** 34 
15455-5-MC-36C-MC-MC-11C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 650 2272 60** 37* 
15455-5-MC-36C-MC-MC-2C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 646 2203 61** 37* 
15459-4-MC-15C-MC-MC-3C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 618 2180 63** 35* 
15455-5-MC-28C-MC-MC-7C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 645 2152 60** 36* 
15455-2-MC-1C-MC-MC-4C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 641 2135 61** 35* 
15459-4-MC-8C-MC-MC-6C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 657 2131 62** 34 
15453-8-MC-7C-MC-MC-15C-MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB 640 2127 64** 33 
15455-14-MC-33C-MC-MC-4C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 616 2104 60** 35* 
15459-4-MC-8C-MC-MC-11C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 658 2054 65* 32 
15455-5-MC-36C-MC-MC-10C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 649 2040 59** 35* 
15455-5-MC-36C-MC-MC-12C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 651 2012 59** 34 
15453-8-MC-1C-MC-MC-4C-MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB 638 1993 61** 32 
15455-5-MC-36C-MC-MC-19C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 652 1973 62** 32 
15453-6-MC-7C-MC-MC-6C-MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB 636 1965 62** 32 
15459-4-MC-8C-MC-MC-19C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 660 1961 66 30 
15455-2-MC-11C-MC-MC-1C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 642 1935 59** 33 
15455-5-MC-36C-MC-MC-3C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 647 1929 59** 33 
15453-8-MC-7C-MC-MC-4C-MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB 639 1909 61** 31 
15459-4-MC-8C-MC-MC-3C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 656 1902 63** 30 
  
 CALIMA (Check)   1897 68 28 
15453-6-MC-7C-MC-MC-14C-MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB 637 1859 60** 31 
15459-4-MC-8C-MC-MC-4C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 617 1838 67 28 
15455-5-MC-36C-MC-MC-4C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 648 1834 56** 32 
15459-4-MC-15C-MC-MC-17C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 663 1802 63** 29 
  
 COS   16   1777 64** 28 
15455-14-MC-4C-MC-MC-4C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 653 1748 59** 29 
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Table 66.  cont’d. 
      
Code Pedigree Line kg ha-1 DTM Kg/D 
15459-11-MC-2C-MC-MC-1C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 664 1723 60** 29 
15455-5-MC-28C-MC-MC-6C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 644 1716 59** 29 
15459-4-MC-15C-MC-MC-16C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 662 1709 64** 27 
15455-5-MC-17C-MC-MC-7C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 643 1670 62** 27 
15459-4-MC-15C-MC-MC-6C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 661 1656 63** 26 
15459-10-MC-17C-MC-MC-10C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 619 1595 59** 27 
15455-14-MC-17C-MC-MC-5C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 654 1442 57** 25 
15455-14-MC-17C-MC-MC-7C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 655 1399 57** 25 
LSD (0.05)   452 2.8 6.8 
 
 
Table 67. Yield, days to maturity and yield per day of Andean beans in the sugar grain class. Statistical 
 tests are in relation to the ‘COS 16’ check. 
 
Code Pedigree Line kg ha-1 DTM Kg/D 
15459-2-MC-19C-MC-MC-13C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 629 2537** 64 39** 
15459-2-MC-19C-MC-MC-6C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 691 2460** 63 39** 
15459-2-MC-13C-MC-MC-11C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 626 2387** 64 37** 
15459-2-MC-19C-MC-MC-7C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 692 2382** 63 38** 
15459-2-MC-13C-MC-MC-19C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 684 2356** 59* 39** 
15459-2-MC-19C-MC-MC-21C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 694 2337** 62 37** 
15459-2-MC-19C-MC-MC-29C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 631 2327** 64 36** 
15459-2-MC-19C-MC-MC-9C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 693 2297** 62 37** 
15459-2-MC-13C-MC-MC-26C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 686 2155* 62 35** 
  
 ICA QUIMBAYA   2131* 68 31 
15460-7-MC-16C-MC-MC-30C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  259 SAB 702 2124* 63 33 
15459-2-MC-13C-MC-MC-22C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 627 2123* 62 34* 
15459-2-MC-13C-MC-MC-8C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 683 2111* 62 34* 
15459-2-MC-13C-MC-MC-21C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 685 2093* 62 34* 
15459-2-MC-19C-MC-MC-3C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 690 2073* 63 33 
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Table 67.  cont’d. 
      
Code Pedigree Line kg ha-1 DTM Kg/D 
15459-2-MC-19C-MC-MC-25C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 630 2061 64 32 
15459-2-MC-19C-MC-MC-4C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 628 2037 65 31 
15459-2-MC-13C-MC-MC-4C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 682 2032 61 34* 
15459-2-MC-19C-MC-MC-26C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 696 2013 63 32 
15454-2-MC-8C-MC-MC-2C-MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  259 SAB 681 2009 66 30 
15459-2-MC-13C-MC-MC-32C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 687 2005 60 34* 
15454-2-MC-8C-MC-MC-8C-MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  259 SAB 624 1858 66 28 
15459-2-MC-19C-MC-MC-23C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 695 1776 63 28 
15459-2-MC-13C-MC-MC-7C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 625 1757 60 29 
  
 COS   16 (Check)   1742 62 28 
15460-7-MC-16C-MC-MC-28C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  259 SAB 701 1719 62 28 
  
 CALIMA   1718 68 25 
15459-2-MC-13C-MC-MC-36C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 689 1708 61 28 
15459-19-MC-11C-MC-MC-7C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 698 1672 58 29 
15459-2-MC-13C-MC-MC-35C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 688 1663 59 28 
15459-19-MC-11C-MC-MC-12C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 700 1620 58 28 
15459-19-MC-11C-MC-MC-13C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 633 1546 57 27 
15459-19-MC-11C-MC-MC-4C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 697 1467 58 26 
15459-2-MC-13C-MC-MC-31C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 733 1448 59 25 
15459-19-MC-11C-MC-MC-3C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 632 1404 56 25 
15459-19-MC-11C-MC-MC-8C-MC 
(COS   16xICA 
QUIMBAYA)F1xSAB  258 SAB 699 1400 57 25 
LSD (0.05)   331 2.4 5.3 
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Table 68. Yield, days to maturity and yield per day of Andean beans in the large white grain class. 
 Statistical tests are in relation to the ‘ABA 36’ check. 
 
Code Pedigree Line kg ha-1 DTM Kg/D 
15455-2-MC-13C-MC-MC-12C-
MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 710 1654** 67 25** 
15455-2-MC-13C-MC-MC-9C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 709 1593** 67 23* 
15455-2-MC-13C-MC-MC-16C-
MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 711 1577* 63** 25** 
15455-2-MC-13C-MC-MC-17C-
MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 712 1546* 64** 24* 
15455-2-MC-13C-MC-MC-4C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 708 1546* 66 23* 
15455-2-MC-12C-MC-MC-14C-
MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 707 1526* 58** 26** 
15455-2-MC-17C-MC-MC-1C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 713 1519* 66 23* 
15453-24-MC-21C-MC-MC-30C-
MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB 735 1416 60** 24* 
15455-2-MC-12C-MC-MC-6C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 736 1415 58** 24* 
15455-2-MC-13C-MC-MC-14C-
MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 738 1384 67 20 
15455-2-MC-13C-MC-MC-13C-
MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 737 1368 66 21 
15453-24-MC-21C-MC-MC-24C-
MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB 705 1303 60** 22 
15455-2-MC-32C-MC-MC-26C-
MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 719 1300 58** 22 
 ICA QUIMBAYA   1298 68 20 
15453-24-MC-21C-MC-MC-18C-
MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB 704 1292 63** 20 
15455-2-MC-32C-MC-MC-24C-
MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 718 1267 59** 21 
 ABA   36   1240 68 19 
15453-24-MC-21C-MC-MC-26C-
MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB 706 1239 59** 21 
15455-2-MC-32C-MC-MC-21C-
MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 716 1214 58** 21 
15455-2-MC-17C-MC-MC-5C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 634 1199 59** 21 
15455-2-MC-32C-MC-MC-22C-
MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 717 1177 57** 21 
15455-2-MC-32C-MC-MC-3C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 714 1138 58** 19 
15453-24-MC-21C-MC-MC-15C-
MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB 703 1129 60** 19 
15453-24-MC-21C-MC-MC-19C-
MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB 734 1121 60** 19 
15455-2-MC-32C-MC-MC-15C-
MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB 715 1115 59** 19 
LSD (0.05)   258 2.3 4.2 
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Table 69. Yield, days to maturity and yield per day of Andean beans in the large red grain class. 
 Statistical tests are in relation to the ‘Quimbaya’ check. 
 
Code Pedigree Line kg ha-1 DTM Kg/D 
15455-14-MC-28C-MC-MC-32C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  679 1790** 63** 28** 
15455-14-MC-28C-MC-MC-17C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  675 1635* 65** 25** 
15455-14-MC-28C-MC-MC-5C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  671 1576* 63** 25** 
15455-14-MC-28C-MC-MC-34C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  680 1571* 64** 25** 
15455-14-MC-28C-MC-MC-15C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  622 1548* 66* 23* 
15455-14-MC-28C-MC-MC-31C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  678 1536* 63** 25** 
15455-14-MC-28C-MC-MC-7C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  621 1528* 63** 24* 
15455-14-MC-28C-MC-MC-27C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  623 1476 63** 24* 
15455-14-MC-28C-MC-MC-4C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  670 1473 63** 23* 
15455-14-MC-28C-MC-MC-20C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  677 1465 61** 24* 
15455-14-MC-28C-MC-MC-12C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  674 1403 63** 22 
15455-14-MC-28C-MC-MC-9C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  673 1371 63** 22 
15453-6-MC-10C-MC-MC-15C-MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB  667 1340 63** 21 
15455-14-MC-28C-MC-MC-8C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  672 1339 62** 21 
  CALIMA   1325 67 20 
15455-14-MC-28C-MC-MC-19C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  676 1315 60** 22 
15455-5-MC-17C-MC-MC-17C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  732 1290 61** 21 
15453-6-MC-10C-MC-MC-4C-MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB  665 1242 62** 20 
15455-14-MC-28C-MC-MC-3C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  620 1199 63** 19 
 ICA QUIMBAYA   1178 68 17 
15455-14-MC-17C-MC-MC-4C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  669 1176 59** 20 
15453-6-MC-10C-MC-MC-6C-MC 
(ABA   36xICA 
QUIMBAYA)F1xSAB  258 SAB  666 1171 62** 19 
15455-14-MC-17C-MC-MC-3C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  668 1149 61** 19 
15455-5-MC-17C-MC-MC-14C-MC 
(ABA   58xICA 
QUIMBAYA)F1xSAB  258 SAB  731 1031 61** 17 
  COS   16   973 64** 15 
LSD (0.05)   348 2.0 5.4 
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What was most striking was the fact that many lines, including some that outyielded the checks, were 
earlier to mature than the check, resulting in significantly greater yield per day. Although under terminal 
stress the early maturity might be expected to contribute to drought escape and productivity, this 
phenomenon was also observed with intermittent stress, and even when this stress was minimal as in the 
trial of the calima types.  The improved yield per day of drought resistant Andean beans is comparable to 
what has been observed in the Mesoamerican drought resistant lines as reported last year. We suggested 
that selection for drought resistance had favored genes for yield efficiency in Mesoamerican germplasm. 
The present results with Andean beans confirm data from 2006, and suggest that the same phenomenon 
might be expressed in the Andean beans as well.  The parental source of drought resistance, SAB 258  
that appears in most pedigrees, is derived from ‘Flor de Junio Victoria,’ a drought resistant Mexican 
variety of the Durango race, and thus may be transmitting this trait to the Andean types from the 
Mesoamerican gene pool.   
 
It was also important to note that sister lines from a common F3-derived family gave widely and 
significantly different results. For example, SAB 659 in Table 66 is a sister of SAB 617, but they present 
a difference of 520 kg ha-1.  Similarly, in Table 67, sister lines SAB 626 and SAB 733 differ by 939 kg  
ha-1. This suggests that there is wide segregation for drought resistance even within intensively selected 
F3-derived families, although these are expected to be 75% similar genetically.  
 
Contributors: S. Beebe, I. M. Rao, M. Blair, M. Grajales, C. Cajiao, and J.B. Cuasquer 
 
 
2.3.2   Status of breeding large-seeded beans for drought resistance in eastern Africa 
 
Rationale: Productivity of large seeded bean varieties in east and southern Africa is severely constrained 
by drought stress. Large seeded beans are popular with farmers and widely cultivated in many countries 
in east, central and southern Africa. They are grown on an estimated 1,680,000 ha annually, accounting 
for about 49% of the area under dry grain bush varieties (Wortmann et al., 1998). Red mottled, red 
kidneys, sugars, purples and large whites are the most important market classes in this region.  Over 
396,000 t of grain are lost annually in Africa due to drought (Wortmann et al, 1998).  Drought may occur 
early in the season, mid-season or late in the cropping season. Drought is ranked as major constraint to 
production of large seeded bean varieties in Kenya, south western Uganda, northern and central Tanzania, 
Malawi, South Africa, Angola, the central plateau of Madagascar and southeast DR Congo. Although the 
adverse effects of drought can be alleviated through irrigation, few smallholder bean growers in East and 
Central Africa (except in Sudan) have access to irrigation water. Bean production in this region is 
predominantly rainfed. Crop failures are frequent. Growing drought tolerant bean cultivars is probably the 
most cost-effective strategy for smallholder, resource-poor farmers in drought prone environments. 
However, few large seeded drought tolerant cultivars are available in sub-Saharan Africa. CIAT has been 
screening bean cultivars for drought resistance since 1983 (Laing et al, 1983) as part of integrated genetic 
improvement of the common bean (Terán and Singh, 2002). However, most the work has focused on 
small seeded grain types, which have shown higher levels of drought resistance. In eastern Africa, 
development of drought resistant varieties started in mid-1970s. Breeding for beans drought resistance 
started at KARI-Katumani and KARI-Thika in the mid-1970’s (KARI-Katumani was established in 1957 
to develop crop varieties for the semi-arid regions in Kenya but until recently focused on maize). The first 
bean releases with moderate drought tolerance levels were made at KARI-Thika in 1984. Four lines with 
moderate drought tolerance were identified. These included GLP 1004, GLP x 1127, and GLP x 92 which 
were recommended for production in drought prone areas in eastern Kenya (Nyabundi et al, 1995). GLP 
608 reported to be drought tolerant was not formally released (Singh et al, 1991). GLP 1004 and GLP x 
1127 (Mwezi Moja) are large seeded, while GLP x 92, a pinto (Mwitemania) has medium sized seeds. 
However, because these varieties were not of the preferred marketable grain types, subsequent effort at 
Katumani focused on selecting drought resistant large seeded red mottled and red kidney types. Four new 
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large seeded varieties- Kat B1, Kat B9, Kat x56 and Kat 69 were pre-released in the late 1990’s and early 
2000’s.  Kat B1 is yellow seeded; Kat B9 is a medium red; Kat 56 is a large red, and Kat 69 is a large red 
mottled. A regional initiative known as BIWADA (Bean improvement for water deficit areas in Africa) 
was started in 1999. The objective of BIWADA was to screen a broad range of germplasm to drought 
tolerance. BIWADA was initially coordinated from Selian Agricultural Research Institute (SARI) and 
subsequently by KARI-Katumani. This report highlights the progress made by this program. 
 
Materials and Methods: Two trials were conducted to evaluate 113 bean lines for drought tolerance 
under field conditions at Katumani and Thika (Kenya). Both sites are located in drought prone areas. The 
lines included 49 lines selected from the regional BIWADA and pinto bean nurseries, and 64 mostly large 
seeded advanced lines from the regional breeding program at the University of Nairobi. In the first trial, 
49 lines from BIWADA/pinto nurseries were evaluated at KARI- Katumani. In the second trial, 64 
advanced lines were evaluated for drought tolerance at KARI-Katumani and KARI-Thika. KARI-
Katumani is situated on longitude 370 14' E and latitude 10 35' S at an altitude of 1600 masl. At Katumani, 
the trials was laid out in a triple lattice design with three replicates. Test genotypes were sown on 4m x 
2m plots with an inter- and intra-row spacing of 0.5 m and 0.1m. One seed per hill was planted. At Thika, 
the trial was laid out in 8 x 8 lattice design with three replicates. Each genotype was sown in a 1.5 m x 5m 
plot. A plot had four, 5 m rows with an intra-row spacing of 10 cm and inter-row spacing of 50 cm. Local 
drought tolerant and susceptible varieties were included as checks. Normal agronomic practices were 
carried out throughout the season. Data was recorded on phenology, 100-seed mass and grain yield. Inner 
two rows (5 m2) were used for yield measurement. Disease evaluation was conducted using the CIAT 
standard evaluation system. Data analyses were performed using Genstat and SAS statistical software. 
Grain yield was used as the primary selection criterion (Terán and Singh, 2002). 
 
Participatory evaluation: At Katumani, 19 farmers (all women) were invited to select the bean lines based 
on their own criteria at physiological maturity. At Thika 20 farmers (9 women and 11 men) evaluated the 
genotypes at pod filling stage (R8).  Farmers were introduced to the trial and requested to make individual 
evaluations based on scale of 1 to 5 (5 for excellent, 4-very good, 3-good, 2-fair, and 1-poor). Farmers 
were requested to identify the best and worst five bean varieties. Due to the dry weather conditions at 
Thika, one supplementary irrigation was provided a week after germination. 
  
Results and Discussion 
 
Selection at Katumani:  Results showed considerable genetic variation among the genotypes for all the 
traits measured (Table 70). Advanced large seeded lines generally had higher yields compared with the 
BIWADA/pinto nurseries. Among the drought tolerant checks, Mwezi Moja (GLP 1004) was the best 
yielding (1206 kg ha-1).  This confirmed Mwezi Moja as one of most drought tolerant large seeded bean 
varieties (Nyabundi et al, 1995). The lowest yielding drought tolerant check was Kat B1 (730 kg ha-1).  
Only five lines from BIWADA/pinto nursery were better yielding than Mwezi Moja. These were KS 84-
2-1, DN 1007, KS 39/5-1, KS 88/1-1 and BAT 85 (Table 70). KS lines originated from populations 
developed at Kabete.  However, thirty-two lines had higher grain yields compared with Kat B1. Only two 
of these high yielding lines were large seeded (KS 88/1-1 and DN 1007).  The two lines showed a 60-70% 
yield advantage over GLP x 92 and 10-16% over Mwezi Moja. All the others lines had medium or small 
seeds. This suggested that the small/medium sized genotypes are likely to give higher grain yields under 
drought stressed conditions compared with the large seeded beans of Andean gene pool origin. Four of 
the lines with higher yield potential than the checks, were also identified as drought tolerant in BIWADA 
nursery at Selian Agricultural Research Institute (SARI) in Tanzania. These were UBR (92)09, MUS 97, 
CNF 5547 and MMS 243.  However, they were all small seeded. 
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Table 70. Mean plant height, days to maturity, 100-seed weight, and grain yield of selected bean lines 
 from BIWADA and pinto bean nurseries grown under drought conditions at KARI-Katumani, 
 Kenya. 
  
Genotype Plant height 
(cm) 
Days to 
maturity 
(d) 
100-seed 
weight 
(g) 
Grain yield 
(Kg ha-1) 
KS 84-2-1 50.3 85 40.9 1403 
DN1007 32.7 92 49.7 1332 
KS 39/5-1 55.7 86 31.4 1320 
KS-88/1-1 51.3 87 35.8 1317 
BAT 85 41.7 98 23.7 1248 
UBR(92)09 44.7 96 21.2 1199 
KS-55-2-1 64.0 85 34.8 1191 
120-201-240 47.0 98 26.3 1184 
KS-19-1 56.7 90 22.4 1130 
CNF 5547 41.3 93 19.7 1033 
POMPADOUR 26.3 99 21.5 1012 
FEB190B-4 52.0 91 31.0 1009 
MUS 97 54.3 87 31.5 998 
HHL MD-23-24 22.0 92 21.3 993 
KS 132/1-1 56.0 86 36.3 986 
ECAB 0709 40.0 89 31.1 981 
DN 1004 47.0 88 22.8 973 
UBR(92)21 59.0 88 32.1 953 
MLD-FLOR-DEMAYO 58.0 99 23.0 946 
ECAB 0708 41.7 95 23.6 944 
MMS 243 48.3 94 28.2 942 
KS 88-2-1 63.7 87 32.0 928 
UBR(95)8-1 27.7 86 38.0 916 
KS 55/1-1 69.7 89 25.8 913 
KS 132/3-1 39.0 86 37.1 907 
A585 65.3 88 32.1 897 
FB/GB/377-6-1 46.3 97 26.8 862 
KS 40/7-1 52.3 85 34.2 834 
ECAB 0710 59.7 94 19.7 782 
CAL 169-1 42.3 85 30.9 749 
UBR (92)10/18-1 39.7 89 25.6 740 
UR 12797 41.0 90 32.4 732 
Checks     
GLP 1004 34.7 88 52.1 1206 
KAT X 69 32.0 86 33.4 1033 
KAT X 56 27.3 86 28.0 942 
KAT B9 33.0 85 38.2 918 
GLP x 92 57.7 88 43.7 824 
KAT B1 26.3 84 36.6 730 
Trial Mean 44.4 90 30.8 921 
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However, the selected lines were late maturing except KS –88/1-1 (87 d), KS 39/5-1 (86 d) and KS 84-2-
1 (85 d) (Table 70). 
 
Performance of Advanced lines: Genotypes expressed genetic variability for grain yield, plant height, and 
seed mass under drought conditions (Table 71).  The advanced lines showed better yield performance 
compared with genotypes in the BIWADA/pinto nurseries. There were significant yield differences 
among the market classes. GLP x 92 (2032 kg ha-1) a pinto, was the best yielding check.  GLP x 92 is 
known be drought tolerant in semi-arid regions of Kenya. Only 11 large seeded lines had better grain 
yield than GLP x 92 at Katumani.  They had a yield advantage of up to 23 % over GLP x 92, the best 
yielding medium seeded check variety. Grain yield at varied from 962 kg ha-1 (Lyamungu 90) to 2502 kg 
ha-1 (Zebra).  Most of the regionally important large seeded varieties such as CAL 143, Lyamungu 90 and 
KK 8 showed poor adaptation to drought stress at Katumani. KAT X 69 a large seed red mottled variety 
released at Katumani had the lowest yield among the checks.  Most the new lines had better yields than 
Kat X 56, Kat B1, Kat B9 and Kat 69 (Table 71).  
  
Table 71.  Mean plant height, days to maturity, 100-seed weight, and grain yield of advanced bean lines 
 grown in drought conditions at KARI-Katumani, Kenya. 
 
Populations Plant 
height* 
(cm) 
Days to 
maturity* 
(d) 
100-seed 
weight* 
(g) 
Grain yield (kg ha-1) 
    Katumani Thika 
ZEBRA 53.3 95 43.6 2502 640 
K132 45.3 93 53.7 2493 1110 
ECAB 419 57.3 90 32.6 2300 770 
ECAB 0524 46.0 88 34.9 2249 1183 
ECAB 0043 49.3 88 42.6 2230 937 
ECAB 407 57.0 92 38.9 2150 737 
ECAB 0236 38.3 88 47.2 2130 1003 
ECAB 0233 67.3 90 34.2 2112 690 
ECAB 0411 62.7 94 41.1 2092 415 
ECAB 0426 41.3 90 41.8 2088 1097 
ECAB 0703 40.0 96 28.7 2040 1587 
MCM2001 43.0 91 35.7 1992 573 
ECAB 0714 47.3 90 36.1 1990 337 
ECAB 0056 47.0 91 50.2 1948 1228 
ECAB 0417 46.7 95 34.6 1921 920 
ECAB 0401 47.3 93 31.7 1918 67 
ECAB 0712 57.7 88 30.9 1904 830 
AYENEW 43.7 93 49.0 1836 80 
ECAB 0013 40.8 88 36.7 1825 867 
ECAB 0253 57.3 94 39.6 1803 410 
ECAB 0097 28.0 87 43.4 1802 683 
KK 20 44.3 93 37.5 1772 933 
ECAB 0279 39.7 91 46.11 1765 447 
ECAB 0294 45.0 86 44.2 1765 713 
ECAB 0418 46.7 89 23.9 1751 323 
ECAB 0201 40.7 86 38.3 1749 573 
ECAB 0240 41.7 92 47.6 1741 1030 
ECAB 0203  47.0 89 37.5 1716 847 
RED WOLAITA 43.3 92 38.6 1711 653 
ECAB 0098 40.7 90 45.1 1703 907 
ECAB 0416 51.8 89 42.7 1698 1230 
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Table 71.  cont’d.      
Populations Plant 
height* 
(cm) 
Days to 
maturity* 
(d) 
100-seed 
weight* 
(g) 
Grain yield (kg 
ha-1) 
 
    Katumani Thika 
ECAB 0081 56.7 90 41.4 1689 - 
ECAB 0503 36.4 88 44.9 1682 373 
ECAB 0702 42.0 91 24.7 1681 1067 
ECAB 0060 30.8 99 57.9 1668 710 
AFR 708 33.0 99 38.9 1663 708 
ECAB 0421 35.7 88 33.9 1627 1417 
KK 22 52.7 94 22.9 1584 0 
ECAB 0204 28.3 92 43.7 1570 913 
LYAMUNGU 85 40.7 91 32.9 1535 1047 
ECAB 0403 30.7 94 20.3 1524 856 
SELIAN 97 47.0 90 38.4 1502 623 
ECAB 0241 47.8 95 44.3 1494 1417 
MASAI RED 50.7 83 30.8 1440 647 
K 131 29.3 90 30.8 1430 1587 
ECAB 0023 34.7 93 33.4 1418 1657 
KK 15* 58.3 86 34.3 1413 203 
ECAB 0027 61.3 86 36.4 1393 1303 
ECAB 0063 40.3 88 44.5 1387 1338 
ECAB 0252 44.0 94 48.1 1371 703 
Checks      
GLP X 92 55.7 90 32.7 2032 437 
GLP 585 48.7 87 42.5 1710 810 
GLP 24 43.0 93 36.8 1785 793 
KAT B9 35.3 84 38.0 1774 153 
KAT B1 32.0 87 36.6 1546 630 
KAT X 56 30.7 91 50.3 1522 253 
GLP 2 29.8 87 50.3 1473 1123 
KAT X 69 47.3 93 37.2 1370 977 
Trial mean 43.7 90.5 38.8 1720 804 
* Katumani 
 
Drought was more severe at Thika compared with Katumani. Mean grain yield was 1720 kg ha-1 at 
Katumani compared to 804 kg ha-1 for the 64 advanced lines and checks at Thika. This implied that 
drought stress reduced grain yield by 53.3%.  Only 12 of the 63 lines evaluated at this location had better 
yields that GLP 2, the best yielding check variety. These were ECAB 0023, ECAB 0703, K131, ECAB 
0241, ECAB 0421, ECAB 0063, ECAB 0027, KK 8, ECAB 0416, ECAB 0056, ECAB 0524 and ECAB 
0019 (Table 71).  However, more than 36 advanced lines had better yields than GLP X 92, Kat 56 and 
Kat B9, which are check varieties widely grown in semi-arid areas of Kenya.  Kat 69 was the best 
yielding among the Katumani varieties. However, it had lower yields compared with GLP 2.  GLP 24 and 
GLP 585 showed moderate susceptibility to drought and had about 50% yield of the best advanced lines. 
Results suggest that some genotypes had specific adaptation. For example, GLP 2 and GLP 24 were 
selected at Thika but were previously not known for their adaptation to drought. These two varieties were 
among the best performers at Thika.  Katumani varieties such as Kat B1, Kat B9, Kat 56 and GLP X 92 
selected under semi-arid conditions were expected to perform better under drought stress. However this 
was not the case at Thika. Lower yields for some genotypes could be attributed to susceptibility to 
diseases which worsened drought stress. Results showed that bean common mosaic and necrotic viruses 
affected several genotypes at Thika. ECAB 0421, Red Wolaita, Zebra, ECAB 503, ECAB 401 and K22 
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were susceptible to black root. Ayenew was susceptible to rust. This suggests that drought resistance 
should be combined with resistance to major diseases in target regions. Addition of bc-3 gene in drought 
tolerant varieties may be a useful strategy in protecting drought resistant lines to bean common necrotic 
viruses. The best performing lines (>1000 kg ha-1 at each site) at the two locations were ECAB 703, 
K132, ECAB 0524, ECAB 0236 and ECAB 0426. 
 
Participatory Selection under drought conditions: Farmers used a wide range of criteria to evaluate 
genotypes at the two locations. At Katumani, important positive selection criteria used by farmers 
included marketability, high grain yield, vigour, seed colour, seed size, good stand, earliness, upright 
growth habit, pod clearance, uniformity at maturity and resistance to diseases and pests. Farmers 
discarded genotypes that were susceptible to diseases and pests, poor yielding, late maturing, small 
seeded, lodged, and those with climbing habit, poor pod clearance, uneven maturity, poor stand, 
unmarketable grain colours, dense canopies, poor seed filling and pod shattering. At Thika farmers 
indicated their preferred variety should have good germination, many pods, large seeds, high yield 
potential, upright growth habit, strong stems, many branches, suitable for intercropping, good pod load, 
uniform maturity, free from disease and pest infestation, edible leaves ( for use as a vegetable), tolerant to 
low soil fertility and drought, non-shattering, pods that do not germinate in the field, low foliage at 
harvest, good flower retention, pods that can be sold when green or as dry seeds and should be widely 
adapted. Important seed traits were attractive seed colour, high market value, large seeds, good taste, good 
keeping quality when cooked, fast cooking and resistance to storage pests. Undesirable traits included 
sprawling growth habit, thin pod walls (leads to entry of moisture and in-pod seed germination), low pod 
load, small pods, dull-coloured seeds, hard-to-cook trait, no colour in soup when cooked and low market 
value. 
 
Farmers’ criteria were in agreement with the researchers’ criteria for most of the positive and the negative 
traits. However, researchers did not consider climbing habit and leafiness as important negative criteria, 
which the farmers considered important for rejecting the genotypes they did not prefer. Climbing was 
considered negative by farmers because they intercrop their beans with maize and such cultivars would 
strangle the maize. Similarly, they argued that those varieties normally have high lodging percentages, 
late in maturity and are labour intensive in terms of field management.  
 
Based on these criteria, farmers at Katumani selected the best ten varieties from BIWADA nursery and 
from advanced lines.  Lines selected from BIWADA nursery were KAT B1, KS 84-2-1, KAT B9, 120-
201-240, MLBY 91023, MUS 97, UBR (95) 8-1, KS 88–2-1, KS- 39/5-1 and KATX69.  Most varieties 
were selected for earliness (drought escape), good stand, vigour, high grain yield, good seed colour, 
marketability, erect growth habit, uniformity in maturity and medium to large seed size. It was evident 
that among the varieties selected some were released KARI varieties commonly grown in semi-arid 
eastern Kenya, which included KAT B1, KAT B9, KATX69, KATX56 and GLPX92 (pinto).  These were 
used as check varieties in the trials. The farmer selections were interesting because they identified 
genotypes across different market classes. The results show that active participation of farmers in the 
variety selection process would result in enhanced adoption and diffusion (Baidu- Forson, 1997;  
Mekabib, 1997). The most preferred lines from the advanced lines included ECAB 0419, KK 20, ECAB 
0097, ECAB 0702, GLP X 92, ECAB 0407 and ECAB 0416.   
 
At Thika, farmers selected 20 of 64 advanced lines as broadly meeting their criteria. ECAB 0702, ECAB 
0063 and GLP-2 were the most preferred varieties and were selected 18, 16 and 15 times respectively. 
Next in the order of farmer-preference were ECAB 0712, ECAB 0023, ECAB 0236 and ECAB 0043. 
ECAB 0712 was chosen with a frequency of 8 and the other three with a frequency of 7 each. The least 
preferred varieties included ECAB 0401 which had very low plant stand and the only three plants in the 
plot had sprawling growth habit, very late maturing and were affected by bean common mosaic virus and 
bean common mosaic necrotic virus (black root). Results showed 16 of the 20 bean lines (80%) selected 
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by farmers as the best were among the top 31 highest yielding lines after conventional yield analysis.  
Nine of the ten least farmer-preferred varieties (90%) were among the 23 lowest yielding bean lines as 
determined through conventional method.  It appears therefore that, using their own criteria, farmers can 
select the best and discard the lowest yielding bean lines at pod-filling stage of bean growth with fairly 
high degree of precision. 
 
Contributors:  P. Kimani, Pascal Okwiri (KARI-Katumani) and Grace Mbugua  
 (KARI-Thika) 
Collaborators:  Bean teams at Kabete, Katumani and Thika 
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2.3.3  Aluminum toxicity screening of Andean common bean advanced lines 
 
Rationale:  Aluminum toxicity is an important abiotic stress of common beans grown on acid soils (pH≤ 
5.0) in the tropics and subtropics which causes poor root development and low productivity.   Yield loss 
can range from 30 to 50 % on soils that are not limed versus those that are in areas with acid soils.   
Liming has opened up large regions to bean production such as in the Cerrados of Brazil, however, 
subsoil acidity prevents root growth and can lead to drought stress at non-irrigated sites where root 
growth is limited to the plow layer.  While aluminum toxicity can be managed through agronomic means, 
resistance breeding would be a complementary approach especially for low-input farming systems.   
Resistance or tolerance to aluminum stress has been observed in some accessions of common bean and in 
the related sister species P. coccineus but screening has been with a limited number of genotypes. The 
objective of this research was to evaluate 36 common bean genotypes, mostly from the Andean genepool, 
for aluminum tolerance in a mass screening, hydroponic growth system that was developed at CIAT.    
Andean genotypes have been less well studied than Mesoamerican genotypes that have been evaluated 
and described in previous annual reports, making this study important in the understanding of aluminum 
tolerance in the different common bean genepools.   
 
Materials and Methods: Genotypes were selected based on their potential as parents for breeding or 
mapping populations and included landraces, advanced lines and commercial varieties.   A hydroponic 
growth system was setup in a temperature-controlled greenhouse with two treatments:  one with 
aluminum, at 20 µM; and the other a control without Al. The hydroponic system was based on Rangel et 
al. (2005) with slight modifications. The basic nutrient solution used in the hydroponic system was CaCl2 
(5mM), KCl (0.5 mM), B(OH)3 (8 uM) at pH 4.5.  The experiment was repeated twice and had five 
replications in each season with twenty-liter containers used as blocks.  The experiment began when 
three-day-old seedlings were transferred from a peatmoss germination media to the appropriate 
hydroponic solutions for a two day adaptation period after rinsing with deionized water.   Plantlets were 
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suspended over the hydroponic solution by placing their hypocotyls through small circular foam pads 
held in place by a multi well floating plastic tray.  Root growth inhibition was measured on the five-day 
old seedlings by evaluating taproot length in mm at the start of the experiment and after two days of 
treatment with or without aluminum, at which time plantlets were harvested and scanned in gray-scale 
with an EPSON STD 1600 flatbed scanner at 3000 dpi resolution and analyzed with WinRhizo 2003b® 
software to determine total root length, average root diameter, and number of growing tips.  In addition, 
root and shoot tissues were oven-dried separately at 65°C during 48h and weighed with an analytical 
balance to determine root weight and from there to calculate specific root length.   
 
Results and Discussion: Analysis of variance showed significant differences among treatments (Al vs. 
control) and genotypes for all the variables evaluated (Table 72).  Genotype x treatment interaction was 
significant (P<0.05) for shoot biomass, root elongation rate, total root length, average root diameter and 
specific root length but not for root biomass and number of growing root tips. Differences in the rate of 
root elongation over the two day treatment period comparing solutions with and without aluminum were 
related to gene pool and growth habit as seen in Figure 58–61, with Andean beans of type III or IV 
growth habit (Fabes, SEQ1027, Bayo Mochica, G19862 and G19833) performing better in terms of less 
root inhibition than Mesoamerican beans (DOR364, A55, VAX3, G2333, VAX6 and G 4825).  ICA 
Quimbaya, an Andean bean with type I growth habit that has been observed before to be tolerant to 
aluminum stress was among the best genotypes in this experiment as well.  In most cases the difference 
between Andean and Mesoamerican genotypes was supported by the limit where Al caused a statistically 
significant differential response compared to the control solution as calculated with a Ryan Einot Gabriel 
Welch test.    
 
 
Table 72.  Analysis of variance for tap root elongation rate, total root length, average root 
 diameter, root and shoot dry weight, specific root length and number of root tips for  36 
 genotypes of common beans.    
 
 Trait Source Degree of  Sum of Squares Mean Squares F Value Probability > F freedom 
Tap Root   Genotype 35 65.82296439 188065613 26.72 < 0.0001 
Elongation Rate Treatment 1 49.43132939 4943132939 702.24 < 0.0001 
Geno x Tat 35 12.38582925 0.35388084 5.03 < 0.0001 
Total Root Genotype 35 2659529.801 75986566 29.59 < 0.0001 
Length Treatment 1 1203914.863 1203914863 468.84 < 0.0001 
Geno x Tat 35 201642.533 5761215 2.24 < 0.0002 
Average Root Genotype 35 0.54396708 0.01554192 29.31 < 0.0001 
Diameter Treatment 1 0.23644557 0.23644557 445979 < 0.0001 
Geno x Tat 35 0.05578147 0.00159376 3.01 < 0.0001 
Root Dry Genotype 35 0.02455635 0.00070161 30.61 < 0.0001 
Weight Treatment 1 0.00071432 0.00071432 31.16 < 0.0001 
Geno x Tat 35 0.00056477 0.00001614 0.7 < 0.8722 
Specific Root Genotype 35 1679008782 47971679 16.81 < 0.0001 
Length Treatment 1 952042540 952042540 333.62 < 0.0001 
Geno x Tat 35 319406747 9125907 3.2 < 0.0001 
Shoot Dry  Genotype 35 1.9662862 0.05617961 20.64 < 0.0001 
Weight Treatment 1 0.0041678 0.0041678 1.54 < 0.2159 
Geno x Tat 35 0.09007184 0.00257348 0.95 < 0.5356 
Number of Genotype 35 544396154 15554176 20.38 < 0.0001 
Root Tips Treatment 1 1034738951 1034738951 1355.74 < 0.0001 
Geno x Tat 35 54877079 0.1567917 2.05 0.0052 
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Figure 58.  Relationship between Total Root Length with (20µM) and without Al after 48 h of treatment. 
 A total of  36 bean genotypes were evaluated. The red line shows the limit where Al caused a 
 statistically  significant differential response compared to the control solution as calculated 
 with Ryan Einot Gabriel Welch test. The green circles are Mesoamerican genotypes and the 
 yellow circles are Andean genotypes. 
 
 
 
 
Figure 59. Relationship between Average Root Diameter with (20µM) and Without Al after 48 h of 
 treatment. A total of 36 bean genotypes were evaluated. The red line shows the limit where 
 Al caused a statistically significant differential response compared to the control solution as 
 calculated with Ryan Einot Gabriel Welch test. The green circles are Mesoamerican 
 genotypes and the yellow circles are Andean genotypes. 
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Figure 60. Relationship between Root Dry Weight with (20µM) and without Al after 48 h of treatment. A 
  total of  36  bean genotypes were evaluated. The green circles are Mesoamerican genotypes and 
  the yellow circles are Andean genotypes. 
 
 
 
 
Figure 61.  Relationship between Specific Root Length with (20µM) and without Al after 48 h of 
 treatment. A total of 36 bean genotypes were evaluated. The red line shows the limit where 
 Al caused a statistically significant differential response compared to the control solution as 
 calculated with Ryan Einot Gabriel Welch test. The green circles are Mesoamerican 
 genotypes and the yellow circles are Andean genotypes. 
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Conclusions and Future Plans:  The results were promising since they confirmed that the hydroponic 
culture system was effective for screening for aluminum toxicity tolerance / damage in Andean beans.  
The exudation of organic acids has been identified in many cultivated plants as the principal mechanism 
of resistance to Al toxicity, therefore it would be valuable to evaluate the Andean genotypes analyzed 
here for organic acid exudation. 
 
 
Collaborators:   M.W. Blair, H.D. López-Marin, I.M. Rao  
 
 
References: 
 
Rangel, A. F., Mobin, M., Rao, I. M. and Horst, W. J. 2005. Proton toxicity interferes with the screening 
of common bean (Phaseolus vulgaris L.) genotypes for aluminium resistance in nutrient solution. J. 
Plant Nutr. Soil Sci., 168: 607-616. 
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Activity 2.4    Developing more nutritious large seeded bean varieties 
 
Highlights: 
 
• Micronutrient breeding program for Andean beans developed F5 and F3
• Condensed tannins were evaluated in 25 accessions of tepary bean comparing concentrations in 
the seed coats of cultivated genotypes and whole seed of wild accessions.   Highest values were 
found in yellow colored tepary beans and in the wild accessions suggesting some differences and 
lower overall tannin levels as compared with common bean. 
 lines from simple, 
double, triple and multiple crosses between three high iron sources, two high iron advanced lines 
and commercial varieties from Africa and Latin America as well as angular leaf spot resistance 
sources with 729 lines selected for bush beans and 1422 lines selected for climbing beans.     
• Disease resistance was evaluated in high iron NUA and BIF lines in Bolivia, Colombia and 
Southern Africa (Malawi, Tanzania and Zimbabwe) for angular leaf spot, common bacterial 
blight, floury leaf spot, powdery mildew and rust.    The most tolerant NUA lines with the high 
mineral trait were identified.   
• A regional strategy for developing  and disseminating micronutrient dense bean lines developed 
and implemented in more than 15 countries in east, central and southern Africa 
• Results of screening 1,412 accessions show considerable variability for iron and zinc 
concentration.  Iron concentration varied from 40 to over 100 mg kg-1. Zinc concentration varied 
from 18 to over 50 mg kg-1. 
• Accessions from the Great Lakes region show more variability for mineral density 
• Mineral analyses of 281 F2.6 large seeded red and red mottled lines  show large variation in grain 
iron concentration (30-130 mg kg-1) 
• An F2 runner bean populations show higher Fe concentration (110 mg kg-1) than parents 
suggesting transgressive segregation for high mineral trait. 
• Wide variability for grain zinc concentration found in F2.6 lines (10-60 mg kg-1) suggests potential 
for combining market preferred large seed size types with high mineral trait and resistance to 
diseases.  
• Grain Fe concentration was influenced by soil type and season. Lime application significantly 
reduces grain Fe and Zn concentration 
• Soil application of Fe chelates and foliar application of iron significantly increases grain iron and 
zinc concentration.  
• Both foliar zinc fertilization and soil zinc application increased grain Fe concentration. Foliar zinc 
application significantly increased see zinc concentration, while response to zinc fertilization was 
influenced by soil type and location effects 
• There are significant genotypic differences in cooking time among the fast track lines. Cooking 
time for un-soaked bean varied from 109 to 220 minutes. 
• Soaking overnight reduced cooking time by 33% with a range of 0 to 58%. Awash Melka (a 
canning variety) had the shortest cooking time when soaked, while GLP 92 (a pinto bean) had the 
longest cooking time. 
• Soaking and cooking reduced grain mineral concentration. Fe retention after soaking and cooking 
varied from 71.4 % in VNB 81010 to 99.6 % in Ituri Matata. Average retention of Fe after 
cooking among the fast track lines was 87%. 
• Soaking and cooking significantly reduced zinc concentration in bean samples. Zinc retention 
values ranged from 69.0 to 97.3% in samples cooked without soaking with a mean of 87.0%. 
Retention values for soaked and cooked samples ranged from 59.3% to 92.2% with a mean of 
72.6%. 
• Protein retention in cooked beans varied from 78.1% in AFR 708 to 98% in GLP 2.     
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• Seventeen fast track lines were resistant to at least two diseases but only Kiangara was resistant to 
the four diseases (common bacterial blight, anthracnose, BCMV and rust). 
•  Soya Fupi, Ituri Matata, K132, Nguaku Nguaku, Awash Melka and RWR 10 were rated resistant 
or moderately resistant to CBB, BCMV, anthracnose and root rot under severe disease pressure. 
• Selian 97, Jesca, TY 3396-12, Ranjonoby, VCB 81013 and LIB-1 showed resistance to at least 
two diseases. 
• Anthracnose, ascochyta blight and BCMV remain the most serious threat to production of 
micronutrient dense bean lines especially in high altitude locations 
• Runner bean lines grown in the same field showed excellent levels of resistance to all diseases 
(except for rust) and to frost 
 
2.4.1   Breeding of Andean beans to create lines with higher mineral content and superior 
 agronomic traits 
 
Rationale:  We are advancing new populations of Andean bush and climbing beans in a range of 
commercial seed classes, using three proven sources of high iron and high zinc genes:  G14159 
(Mesoamerican genotype from the USA with brown-colored high protein seed and average iron content of 
over 80 mg kg-1);  G21242 (Andean genotype from Colombia with cream mottled seed and average iron 
content close to 90 mg kg-1); G23824E (Andean genotype from Peru with average iron content of 100 mg 
kg-1).   
Materials and Methods:  For bush beans, progress was delayed by root rots in one semester that made 
differentiation of agronomic traits difficult and selection impractical. However, in the course of 2007, the 
most advanced Andean bush populations reached the F5 family generation (Table 73), with a very large 
number of populations in the F3 generation, these in both bush and climbing types (Table 74).  About 18% 
of these have 25% high iron parents, 75% have 50% high iron parents, and 7% have 75% high iron 
parents with the remaining parents in each cross either commercial cultivars or ALS resistant genotypes. 
The high proportion of families with at least 50% high iron parentage offers hope that more progeny will 
express the high iron trait. It is to be noted that the NUA lines, which presented 25% high iron parentage, 
express about 40-50% increase in iron concentration.  
 
Table 73.   Populations of Andean bush beans under study for improved iron concentration in Darién, 
 Colombia.  
 
Structure of cross Generation No. of crosses No. of families 
(cultivar x iron) F3.5 36 117 
(ALS x iron) F2.3 18 175 
(cultivar x (cultivar x iron) F1.3 15 241 
(iron x (cultivar x iron) F1.3 23 149 
(cultivar x iron) x (cultivar x iron)  F1.3 9 47 
 
Table74.  Populations of climbing beans under study for improved iron concentration in Darién, 
 Colombia. 
 
Structure of cross Generation No. of crosses No. of families 
Mesoamerican    
(cultivar x iron) F2.3 16 165 
Andean    
(cultivar x iron) F2.3 32 396 
(cultivar x (cultivar x iron) F1.3 13 145 
(cultivar x iron) x (ALS x iron)  F1.3 128 716 
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Results and Discussion:   Among the climbing beans, G21242 (an Andean climber) appeared to combine 
well for plant vigor under root rot attack, and may be contributing agronomic value as well as high iron.  
G14519 (a Mesoamerican climber) another source of high mineral traits, has produced some large red or 
yellow seeded  segregants and is valuable for mid-altitude adaptation.  G23823E, the other landrace 
parent that has been employed in crosses, combines well for seed size and color with Andean beans but is 
less well adapted, resulting in lower disease resistance and poor architecture for climbing beans (but 
adequate architecture for bush beans). 
 
Focusing on genotypes from ECABREN and SABRN, an additional set of backcrosses to or double 
crosses with commercial types (eg. AFR708, G59, GLP2, K20, Kalima, Kanyebwa, Lyamungo 85, 
Maasai Red, Mahargi Soja, SCAM80CM/15, Selian 94, Selian 97, SUA135, Urugezi, Uyole 94, Uyole 
98, VCB81010) have been advanced to the F1.3 stage. 
 
Collaborators:    M.W. Blair, A. Hincapie, P. Kimani, R. Chirwa, S. Beebe  
 
 
2.4.2   Evaluation of condensed tannins in tepary bean genotypes 
 
 
Rationale:  Limited studies have shown tepary beans  (Phaseolus acutifolius L.) to have higher levels of 
zinc and iron (Bhardwaj & Hamama 2004) and lower levels of tannins (Benitez et al. 1994) than common 
beans (Phaseolus vulgaris L.).   In association with the University of Saskatchewan in Canada and as part 
of a project on nutritional improvement through the reduction of seed tannin content, we made a first 
evaluation of condensed tannins in seeds of tepary bean. This first evaluation was made in 26 tepary bean 
genotypes through the butanol-HCl method, developed at CIAT for common bean. Analysis of tepary 
bean genotypes from the CIAT collection for tannin content can give an idea about the variability of this 
trait. 
 
Materials and Methods: 
 
Plant Material:  We analyzed 18 cultivated and 7 wild tepary bean genotypes in this study plus a common 
bean control genotype, ‘ICA Pijao.’ Samples of 10 seeds from each genotype were used for the analysis. 
For each of the cultivated accessions, the seed coat was separated by hand and ground for the extraction 
of tannins; while for each of the wild accessions, whole seed was used, as it was impractical to remove 
the seed coat from these smaller seeded genotypes.  
 
Extraction procedures:  Extraction was realized with 70% acetone and spectrophotometric detection was 
via the Butanol-HCl method as described in previous annual reports. The butanol-HCl method uses an 
extraction procedure in which most of the tannins present in a sample are isolated. However, this process 
does not guarantee the complete exclusion of other compounds such as anthocyanins or other 
polyphenols. In the reaction with butanol in an acid solution, proanthocyanidins (tannins) alone are 
converted to anthocyanidins, which absorb light at 550nm. Anthocyanins and other related compounds 
can absorb in the range of 500-550 nm; leading to some overestimation in the quantification. To avoid 
this, we used a blank to eliminate the matrix effect and at the same time the possible interference from 
another compounds. The blank is a sample similar to the samples for analysis and treated in the same 
conditions, but with the difference that in the butanol reaction, this blank is treated with butanol-water and 
not butanol-HCL.  The absence of acid in the solution, avoided the conversion to anthocyanidins, so that 
we could quantify the effect of all compounds remaining in the samples, except anthocyanidins derived 
from condensed tannins. In P. vulgaris, with more than 70 analyzed blanks, we have noticed that the 
absorbance ranges of the blanks are from 0.04 in white seeds to 0.08 in red seeds. These data are used 
then to calculate the absorbance due to tannins alone versus that due to anthocyanins. 
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Calibration curves:  The calibration curves used for data transformation from absorbance to percentage of 
tannins were the color curves developed in CIAT for Phaseolus vulgaris.  Given the predominant colors 
in the tepary beans that were analyzed, the calibration curves for cream and black seeded genotypes were 
used for cultivated and wild accessions, respectively.  
 
Results and Discussion: 
 
1.  Cultivated tepary beans:  We found variability for tannin content among cultivated tepary bean (Table 
75) from undetectable levels to 15 mg g-1 of seed coat for G40022.  In comparison, the control common 
bean genotypes ICA Pijao had total condensed tannins of 16.3 mg g-1 of seed coat.  Color variation for the 
genotypes used in the analysis ranged from white, yellow, cream, grey to black; with some mixed color or 
two-tone genotypes. Overall, the highest values for tannin content among the cultivated tepary beans were 
found in yellow seeded types, which were the predominant type in the survey (white beans were for the 
most part excluded given that they have very low tannin content which was confirmed by the results 
presented here).  White beans in this study had undetectable levels of condensed tannins.   Meanwhile, the 
cream or brown mottled and black speckled seed types had intermediate values.   The range in tannin 
content found for the 25 genotypes was within the normal range observed for P. vulgaris, although in 
general, there was a clear tendency toward low tannin content.  
 
2.  Wild tepary beans:  Wild genotypes were complicated to analyze because of their size and in addition 
all had the same color (grey/black mottled).   The total condensed tannin content on a total seed weight 
basis (rather than on a seed coat basis) was very similar ranging from 0.1 to 4.7 mg g-1 of seed coat.   
When assuming approximately 25% seed coat over total seed percentage these values ranged higher than 
for the cultivated accessions which might be expected due to the darker tones of wild versus cultivated 
genotypes.   Given the similarity between genotypes and the difficulty in estimating an exact conversion 
percentage it is difficult to draw firm conclusions about variation for tannin content in wild tepary beans.   
 
Conclusions and Future Plans:  This first attempt to evaluate tannin content in tepary bean was useful 
as a test of the effectiveness of the butanol-HCl method in this species, along with an initial exploration of 
the variability of this important nutritional trait. One notable observation was that variability for tepary 
bean seed coats was similar to previously observed variability in better-studied common beans.  The 
butanol-HCl method was found to be a fast and good alternative to screen samples, however, techniques 
like HPLC are more sensitive and accurate and would allow a better knowledge about qualitative and 
quantitative profiles of tannins in tepary beans.  
 
 
Contributors:   M.W. Blair, G.V. Caldas (IP-1) 
 
Collaborators: C. Muñoz, K. Bett   (Univ. of Saskatchewan) 
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Table 75.    Condensed tannin content (mg tannin g-1 sample) in 25 tepary bean accessions and one 
 common bean control (ICA-Pijao) measured through Butanol-HCl analysis. 
 
 
Genotype Status1 Color Soluble Tannins Insoluble tannins Total Tannins 
      
Cultivated tepary bean     
G40001 Cultivated White 0.0 0.0 0.0 
G40007 Cultivated White 0.0 0.0 0.0 
G40006 Cultivated Cream mottled 0.0 1.3 1.3 
G40013 Cultivated Black speckled 5.6 2.9 8.5 
G40019 Cultivated Black 5.1 2.5 7.7 
G40021 Cultivated White 0.0 0.1 0.1 
G40022 Cultivated Yellow 12.2 3.0 15.1 
G40025 Cultivated Yellow 8.1 3.4 11.5 
G40033 Cultivated Yellow 8.5 3.7 12.2 
G40037 Cultivated Yellow 7.0 3.7 10.8 
G40066 Cultivated Yellow 6.5 3.7 10.2 
G40068 Cultivated Yellow 7.4 3.4 10.7 
G40084 Cultivated Brown mottled 2.2 2.5 4.6 
G40110 Cultivated Black speckled 5.2 2.4 7.5 
G40112 Cultivated Yellow 6.3 3.7 10.0 
G40161 Cultivated Yellow 4.6 1.0 5.5 
G40200 Cultivated Brown mottled 7.9 3.0 10.9 
G40237 Cultivated Yellow 8.8 3.5 12.3 
      
Wild tepary bean     
G40186 Wild Grey/Black 0.9 0.6 1.4 
G40106 Wild Grey/Black nd 0.6 0.6 
G40240 Wild Grey/Black 3.1 1.6 4.7 
G40055 Wild Grey/Black nd 0.1 0.1 
NI576 Wild Brown/Black nd 1.1 1.1 
P.a 78 Wild Grey/Black nd 1.0 1.0 
P.a 19 Wild Grey/Black nd 1.1 1.1 
      
Common bean - check     
ICA Pijao Cultivated Black 14.1 2.3 16.3 
 
1  Condensed tannins measured in seed coat samples for cultivated tepary and common beans and in whole seed 
samples for wild tepary beans. 
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2.4.3  Disease resistance of high mineral NUA and BIF Andean bean lines and update on NARs 
releases 
 
Introduction:  While developing biofortified genotypes of common bean we have tested the disease 
resistance of the improved lines in a series of trials with national programs and farmer groups.  These 
trials with Andean biofortified beans from the NUA  (red-mottled) and BIF (large red seeded) series of 
advanced lines have been undertaken in various countries of Africa and Latin America with potential 
releases planned for NUA lines as varieties in Bolivia, Colombia, Malawi and Zimbabwe.   
 
Materials and Methods:  A total of 64 NUA genotypes (Table 76) and 55 BIF (Table 77) genotypes 
were grown in Santa Cruz, Bolivia at the national program sites for winter (Vallecito experiment station) 
and summer (San Juan del Potrero) production over three seasons and disease resistance was evaluated 
for angular leaf spot, common bacterial blight, powdery mildew and rust.   A subset of five NUA lines 
(NUA8, NUA30, NUA35, NUA45, NUA56) were grown in various departments of Colombia in on-farm 
trials (Nariño, Cauca and Valle) and evaluated for yield potential and web blight and angular leaf spot 
prevalence.  Another set of four NUA lines (NUA35, NUA45, NUA56, NUA59) were grown in Malawi, 
Tanzania and Zimbabwe at national program sites (Bembeke, Chitedze, Uyole, Harare) and evaluated for 
common bacterial blight, bean common mosaic virus and floury leaf spot.  The trials at national program 
sites consisted of randomized complete block design experiments, while the on-farm trials were un-
replicated.  Yield data was taken in kg/ha at the national program sites while on-farm trials were 
evaluated by a multiplication ratio based on the initial seed planted. 
 
Results and Discussion:  In Bolivia, the major disease was rust and there was variability among the 64 
NUA lines (Table 76) and 55 BIF lines (Table 77) for resistance / susceptibility.  Rust was more severe in 
San Juan del Potrero (summer season – highland production site) compared to Vallecito (winter season – 
lowland production site).  Among the highest iron and zinc containing lines, the most resistant for rust 
were NUA21, NUA22, NUA25, NUA28, NUA29, NUA67, NUA78, NUA79, NUA81, NUA82, NUA83, 
NUA84, NUA85, NUA86, NUA87, NUA88, NUA89, NUA90, NUA91, NUA92, NUA93, NUA94, 
NUA95, NUA96, NUA97, NUA 98 and NUA100 and were superior to local checks PVA773 (released as 
Rojo Oriental) and CAL96.   NUA22 was notable for having seed with over 100 ppm of iron and 38 ppm 
of zinc. The genotypes with resistance to rust in the series from NUA 81 through NUA100, corresponded 
to advanced lines derived from the backcross of G14519 high mineral source into CAL143 commercial 
red-mottled recurrent parent while the genotypes from NUA8 to NUA80 involved CAL96 as a recurrent 
parent.  The lines NUA81 through NUA100 had from 67 to 78 ppm of iron and from 31 to 35 ppm zinc.  
Common bacterial blight was variable and influenced by environment, with resistance found in the lines 
NUA8, NUA12, NUA16, NUA18, NUA19, NUA20, NUA26, NUA27, NUA84, NUA90, NUA91, 
NUA92, NUA93, NUA97 and NUA98 with seed iron levels between 67 and 93 ppm.  Among the BIF 
lines it was notable that rust resistance was less prevalent but more lines were resistant to common 
bacterial blight.  Among the best BIF lines for this second disease which were also high in seed iron or 
zinc content were BIF3, BIF19, BIF21, BIF22, BIF23, BIF26, BIF29 and BIF32.  It was notable that a 
larger percentage of BIF lines than NUA lines had high seed zinc content (above 40 ppm) than those that 
had high seed iron content (above 80 ppm) relative to other Andean genotypes.  Finally, powdery mildew 
was more important in the summer production than in the winter production while angular leaf spot was 
not present at either site. 
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Table 76.  Results of disease resistance screening of NUA lines at two sites in Santa Cruz, Bolivia 
 during 2005 to 2007 seasons. 
 
 
Genotype  
 
Iron levels 
*=above 80 
**=above 90 
***=above 100 
Zinc levels 
*=above 35 
**=above 40 
***=above 45 
 
San Juan del Potrero 2006 
 
Vallecito 2005-2007 
   Rust ALS CBB PM Rust ALS CBB PM 
NUA 8   4.5 1.0 3.0 6.0 1.7 1.0 3.3 1.3 
NUA 9 *  4.5 1.0 3.0 6.0 2.0 1.0 3.7 1.3 
NUA 10   5.0 1.0 3.0 6.0 1.7 1.0 4.0 1.7 
NUA 11 *  4.0 1.0 3.0 6.0 2.0 1.0 4.0 2.0 
NUA 12   5.0 1.0 3.0 6.0 1.3 1.0 3.7 2.0 
NUA 13 *  5.0 1.0 4.0 7.0 2.0 1.0 3.3 2.0 
NUA 14 ** * 5.5 1.0 4.0 7.0 2.7 1.0 3.3 1.7 
NUA 16  * 6.0 1.0 3.0 6.0 2.7 1.0 2.7 2.0 
NUA 18   5.0 1.0 3.0 6.0 1.5 1.0 2.0 1.0 
NUA 19  * 5.0 1.0 3.0 6.0 2.0 1.0 3.0 1.5 
NUA 20 ** * 5.0 1.0 3.0 6.0 1.3 1.0 3.3 1.7 
NUA 21 ** * 3.5 1.0 3.0 6.0 2.3 1.0 4.0 2.0 
NUA 22 *** * 3.5 1.0 5.0 6.0 1.7 1.0 4.0 1.7 
NUA 23  * 5.5 1.0 5.0 6.0 5.3 1.0 3.3 1.7 
NUA 24 ** ** 5.0 1.0 5.0 5.0 4.0 1.0 3.0 1.3 
NUA 25 * * 3.5 1.0 4.0 6.0 2.7 1.0 3.3 1.3 
NUA 26   na na na na 2.0 1.0 1.0 1.0 
NUA 27   na na na na 2.0 1.0 2.0 1.0 
NUA 28 * * 2.5 1.0 6.0 6.0 1.3 1.0 3.0 1.7 
NUA 29  * 3.5 1.0 4.0 5.0 1.7 1.0 3.0 1.0 
NUA 30  * 4.5 1.0 6.0 6.0 2.3 1.0 3.3 1.0 
NUA 31   na na na na 3.0 1.0 3.0 1.0 
NUA 32  * 5.0 1.0 6.0 5.0 2.0 1.0 3.0 1.0 
NUA 35 **  6.5 1.0 5.0 6.0 2.3 1.0 4.3 1.7 
NUA 38   5.5 1.0 5.0 6.0 2.7 1.0 3.7 1.7 
NUA 39   4.0 1.0 6.0 5.0 3.5 1.0 3.0 1.0 
NUA 41 * * 4.5 1.0 5.0 4.0 2.3 1.0 3.3 1.0 
NUA 42   4.0 1.0 4.0 3.0 2.0 1.0 3.0 1.0 
NUA 43   4.0 1.0 4.0 5.0 1.7 1.0 3.3 1.3 
NUA 44  * 4.0 1.0 5.0 5.0 1.7 1.0 4.0 1.3 
NUA 45   4.5 1.0 4.0 5.0 2.0 1.0 3.3 1.3 
NUA 46 * * 5.5 1.0 4.0 6.0 2.3 1.0 3.3 1.7 
NUA 47 ** ** 5.5 1.0 5.0 6.0 2.3 1.0 4.0 1.3 
NUA 48   na na na na 2.0 1.0 3.7 1.3 
NUA 49  * 6.0 1.0 5.0 6.0 1.3 1.0 3.3 1.7 
NUA 50   na na na na 1.3 1.0 3.3 1.3 
NUA 56 *  5.0 1.0 4.0 5.0 2.0 1.0 3.7 1.0 
NUA 59 **  5.5 1.0 5.0 5.0 2.0 1.0 3.3 1.0 
NUA 62  * 6.0 1.0 6.0 4.0 2.0 1.0 3.3 1.0 
NUA 63  * 6.0 1.0 5.0 3.0 1.7 1.0 3.7 1.0 
NUA 64   6.0 1.0 5.0 4.0 1.7 1.0 3.3 1.0 
NUA 65  * 4.0 1.0 5.0 4.0 1.3 1.0 3.0 1.0 
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Table 76.  cont’d. 
 
         
 
Genotype  
 
Iron levels 
*=above 80 
**=above 90 
***=above 100 
Zinc levels 
*=above 35 
**=above 40 
***=above 45 
 
San Juan del Potrero 2006 
 
Vallecito 2005-2007 
   Rust ALS CBB PM Rust ALS CBB PM 
NUA 66   4.5 1.0 6.0 3.0 1.7 1.0 3.7 1.0 
NUA 67 * *** 2.5 1.0 6.0 2.0 1.7 1.0 3.7 1.0 
NUA 68  * 4.5 1.0 4.0 2.0 1.3 1.0 4.0 1.0 
NUA 69   4.0 1.0 4.0 2.0 2.0 1.0 3.5 1.0 
NUA 75  * 4.5 1.0 5.0 2.0 1.3 1.0 3.0 1.0 
NUA 77   5.0 1.0 5.0 2.0 1.7 1.0 3.0 1.0 
NUA 78 ** ** 3.0 1.0 6.0 2.0 1.3 1.0 4.3 1.0 
NUA 79   3.0 1.0 7.0 2.0 1.5 1.0 4.5 1.0 
NUA 80 * ** 4.0 1.0 5.0 2.0 1.3 1.0 3.0 1.0 
NUA 81   3.0 1.0 4.0 2.0 1.3 1.0 3.0 1.0 
NUA 82   3.0 1.0 5.0 2.0 1.0 1.0 3.3 1.0 
NUA 83   3.0 1.0 6.0 2.0 1.0 1.0 3.3 1.0 
NUA 84   2.5 1.0 3.0 2.0 1.0 1.0 3.7 1.0 
NUA 85   2.5 1.0 5.0 2.0 1.0 1.0 3.3 1.0 
NUA 86   3.0 1.0 4.0 2.0 1.0 1.0 3.0 1.0 
NUA 87   3.0 1.0 4.0 2.0 1.0 1.0 3.3 1.0 
NUA 88   3.0 1.0 3.0 2.0 1.3 1.0 3.0 1.0 
NUA 89   3.5 1.0 4.0 2.0 1.0 1.0 3.7 1.0 
NUA 90   3.0 1.0 3.0 2.0 1.0 1.0 3.3 1.0 
NUA 91   2.5 1.0 3.0 2.0 1.0 1.0 3.3 1.0 
NUA 92   3.5 1.0 3.0 2.0 1.0 1.0 3.3 1.0 
NUA 93   2.5 1.0 3.0 2.0 1.3 1.0 3.7 1.0 
NUA 94   2.5 1.0 4.0 1.0 1.0 1.0 3.7 1.0 
NUA 95   2.5 1.0 4.0 2.0 1.0 1.0 3.3 1.0 
NUA 96   2.5 1.0 5.0 2.0 1.0 1.0 3.0 1.0 
NUA 97   3.0 1.0 3.0 2.0 1.0 1.0 3.0 1.0 
NUA 98   2.5 1.0 3.0 2.0 1.0 1.0 3.7 1.0 
NUA 99   2.5 1.0 5.0 2.0 1.0 1.0 3.7 1.0 
NUA 100   3.0 1.0 5.0 2.0 1.0 1.0 4.0 1.3 
CAL 96 Low iron check Low zinc check 5.5 1.0 4.0 7.0 1.5 1.0 3.0 2.5 
PVA773 Local release Local release 5.0 1.0 4.0 6.0 1.7 1.0 2.7 1.3 
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Table 77.   Results of disease resistance screening of BIF lines at two sites in Santa Cruz, Bolivia during 
 2005 to 2007 seasons. 
 
 
Genotype 
Iron levels 
*=above 80 
**=above 90 
***=above 100 
Zinc levels 
*=above 35 
**=above 40 
***=above 45 
 
San Juan 2006 
 
Vallecito 2005-2007 
   Rust ALS CBB PM Rust ALS CBB PM 
BIF 1  *** 5.5 1.0 4.0 3.0 2.0 1.0 3.0 2.0 
BIF 2  ** 5.5 1.0 5.0 1.0 1.7 1.0 3.3 3.3 
BIF 3 ** ** 4.0 1.0 2.0 1.0 1.7 1.0 2.3 2.3 
BIF 4  * 4.0 1.0 3.0 2.0 2.0 1.0 3.7 2.0 
BIF 5  ** 4.5 1.0 3.0 3.0 1.7 1.0 3.0 1.7 
BIF 6   5.0 1.0 5.0 3.0 1.7 1.0 3.0 2.7 
BIF 7  * 5.5 1.0 3.0 3.0 2.0 1.0 3.0 2.3 
BIF 8 ** *** na na na na 2.5 1.0 3.0 1.0 
BIF 9  * 4.5 1.0 5.0 3.0 1.7 1.0 3.7 2.0 
BIF 10  * 4.0 1.0 6.0 2.0 1.3 1.0 3.3 1.7 
BIF 11  * na na na na 1.0 1.0 2.5 1.5 
BIF 12  ** 4.0 1.0 4.0 3.0 1.3 1.0 3.3 2.0 
BIF 13   3.0 1.0 5.0 3.0 1.3 1.0 4.0 2.0 
BIF 14   3.5 1.0 5.0 2.0 1.3 1.0 3.7 2.3 
BIF 15  ** 4.5 1.0 4.0 3.0 1.7 1.0 3.0 2.7 
BIF 16  * 3.5 1.0 4.0 2.0 1.7 1.0 3.0 2.3 
BIF 17  * 4.0 1.0 4.0 2.0 1.7 1.0 3.0 2.0 
BIF 18 * * 3.5 1.0 4.0 2.0 1.3 1.0 3.3 2.0 
BIF 19 ** * 4.0 1.0 3.0 1.0 1.3 1.0 3.0 1.7 
BIF 20  * 4.5 1.0 6.0 2.0 1.3 1.0 3.0 2.0 
BIF 21 * * 4.0 1.0 2.0 3.0 1.3 1.0 3.3 1.7 
BIF 22  * 3.5 1.0 2.0 1.0 1.3 1.0 3.3 2.7 
BIF 23  * 4.0 1.0 3.0 2.0 1.3 1.0 3.0 2.3 
BIF 24   4.0 1.0 3.0 3.0 1.7 1.0 2.7 2.3 
BIF 25   3.5 1.0 3.0 2.0 1.7 1.0 2.7 2.0 
BIF 26  * 4.5 1.0 2.0 3.0 1.3 1.0 3.0 2.7 
BIF 27 * *** 5.0 1.0 4.0 3.0 1.7 1.0 3.0 2.0 
BIF 28  ** 6.0 1.0 3.0 3.0 1.3 1.0 3.3 2.3 
BIF 29 * *** 4.5 1.0 3.0 3.0 1.3 1.0 2.3 3.0 
BIF 30  *** na na na na 1.0 1.0 2.0 1.5 
BIF 31  ** 4.0 1.0 2.0 2.0 1.3 1.0 3.3 3.0 
BIF 32  * 5.0 1.0 3.0 4.0 1.3 1.0 2.7 3.0 
BIF 33  * 5.5 1.0 3.0 4.0 1.3 1.0 3.0 2.7 
BIF 34   4.0 1.0 2.0 2.0 1.3 1.0 3.3 2.0 
BIF 35   4.0 1.0 2.0 2.0 1.7 1.0 3.7 2.3 
BIF 36   4.0 1.0 4.0 3.0 1.7 1.0 3.3 2.7 
BIF 37  * 4.5 1.0 3.0 3.0 1.3 1.0 3.0 2.7 
BIF 38   3.5 1.0 5.0 2.0 1.3 1.0 3.0 3.0 
BIF 39  * 4.0 1.0 3.0 2.0 1.3 1.0 2.3 2.3 
BIF 40  * 4.0 1.0 3.0 2.0 1.3 1.0 3.7 3.0 
BIF 41  * 3.5 1.0 5.0 4.0 1.7 1.0 3.0 3.3 
BIF 42  ** na na na na 1.0 1.0 3.0 1.5 
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Table 77.  cont’d.           
 
Genotype 
Iron levels 
*=above 80 
**=above 90 
***=above 100 
Zinc levels 
*=above 35 
**=above 40 
***=above 45 
 
San Juan 2006 
 
 
 
Vallecito 2005-2007 
   Rust ALS CBB PM Rust ALS CBB PM 
BIF 43  * 4.5 1.0 6.0 2.0 1.3 1.0 2.7 2.0 
BIF 44  * 4.5 1.0 5.0 3.0 1.7 1.0 3.0 1.7 
BIF 45   4.5 1.0 3.0 2.0 1.3 1.0 3.3 1.7 
BIF 46   4.5 1.0 2.0 2.0 1.3 1.0 2.7 1.3 
BIF 47   6.0 1.0 3.0 3.0 1.3 1.0 3.3 1.7 
BIF 48   5.5 1.0 3.0 3.0 1.3 1.0 3.0 1.7 
BIF 49   5.5 1.0 3.0 3.0 1.5 1.0 2.7 1.7 
BIF 50   7.0 1.0 2.0 3.0 5.0 1.0 2.3 3.0 
BIF 59   4.5 1.0 2.0 3.0 2.0 1.0 2.7 3.0 
BIF 60   5.0 1.0 4.0 3.0 2.5 1.0 3.3 2.3 
BIF 61   5.0 1.0 3.0 3.0 2.0 1.0 3.3 2.0 
BIF 62   5.0 1.0 6.0 2.0 2.0 1.0 3.7 2.0 
BIF 63  ** 5.0 1.0 5.0 2.0 2.0 1.0 4.0 2.0 
AFR 298 CIAT check CIAT check na na na na 1.0 1.0 3.0 2.0 
CAL 96 Low iron check Low zinc check 5.5 1.0 4.0 3.0 2.0 1.0 3.0 1.7 
Cerinza CIAT check CIAT check 5.5 1.0 3.0 4.0 1.3 1.0 3.0 2.3 
POA 13 Local Check Local Check na na na na 3.0 na 2.0 2.0 
PVA773 Local Check Local Check 4.5 1.0 3.0 4.0 1.3 1.0 2.7 2.3 
 
 
In Colombia, disease resistance has proven to be good for NUA30 and NUA35 with both lines being 
more resistant to web blight and angular leaf spot in on-farm trials due to their more open architecture as 
compared to CAL96 (Table 78).  Yields express as a multiplication ration from the initial seed planted has 
been up to 1:23 in Colombia (approximately 2000 kg/ha).   
 
Table78.   Disease reactions and seed multiplication (in Kg) of NUA lines in on-farm trials in Valle, 
 Colombia conducted by IPRA-CIAT between 2006-2007. 
 
Municipio NUA20 NUA30 NUA35 NUA56 
Ansermanuevo - 31.5 - - 
Argelia - 32.0 - - 
Dagua 840.0 283.5 - - 
 Web blight R    
La Cumbre - 6933.0 - - 
Pradera - - 195.5 81.0 
Trujillo - 39.0 84.0 - 
   Web blight R  
Vijes - 2436.0 383.5 - 
  Web blight R Web blight R  
Zarzal - 345.0 180.0 - 
     
Total 840.0 10,100.0 843.0 81.0 
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In Southern Africa, NUA lines were susceptible to fungal diseases (ALS and FLS), but were moderately 
resistant to bacterial (CBB) and viral (BCMV) diseases in comparison to other red mottled genotypes, 
CAL143 and RMA18 (Table 79). In terms of grain yield, at individual sites in Southern Africa, the grain 
yields for NUA45 was reasonable (2381 kg ha-1) at Chitedze and likewise NUA56 (2048 kg ha-1) at 
Harare, however some of the other NUA lines have been lower yielding than trial averages in other sites 
in Southern Africa, therefore crosses have been initiated in both CIAT-Malawi and CIAT-HQ so that 
yield improvement of the NUA lines will be emphasized in the future.   
 
Conclusions and Future Studies:  NUA lines were comparable or better than local checks for several 
diseases and can be considered as potential parents or genotypes fro release.  Several NUA lines have 
been found to be acceptable in Bolivia (NUA 35; NUA 45; NUA 59 and NUA 59), Malawi  (NUA45 and 
NUA56) and Zimbabwe  (NUA45 and NUA59) where releases are imminent for one or more lines with 
farmer participatory evaluations ongoing in Colombia (NUA30, NUA35 and NUA45), DR Congo 
(NUA45) and Mozambique (NUA45).  In Bolivia, 1518 kg of basic seed has been multiplied for the four 
NUA lines in the summer season and currently 4 ha of NUA45 are planted. On-farm evaluation in 
Colombia has been used to increase seed for a participatory varietal selection and seed multiplication 
program in the department of Valle de Cauca with over 10,000 kg of NUA30 produced so far.  The seed 
color of the NUA lines is very acceptable as they have the same deep red color that is noteworthy of 
CAL96 the recurrent parent used for development of the NUA lines evaluated so far.  The higher iron 
levels in the selected NUA lines respond to environmental effects but usually have a 15 to 20 ppm 
differential compared to CAL96.  The environmental factors that affect iron accumulation at the different 
sites used for multiplication or testing of NUA lines are being determined through GIS and principal 
component analysis.   
 
 
Contributors:   M.W. Blair, R. Chirwa, C. Astudillo, S. Beebe (IP-1, CIAT),  
 I. Roa, J. L. Cabrera (IPRA-CIAT), J. Ortube, V. Choque (UAGRM, Bolivia),   
 J. Restrepo (FIDAR), G. Makunde (AREX, Zimbabwe), K. Mdata (ARI-Uyole, 
 Tanzania).
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Table 79.  Disease reaction and yield potential of selected NUA lines compared to other red mottled checks in eight locations of Southern Africa. 
 
 
  Disease Score Grain Yield   Grain 
  ALS CBB FLS BCMV kg/ha size colour 
  BBK UYO CTZ BBK HRE CTZ BBK DEL HAR GWB UYO KIS MBM Mean   
BOA 1-5/34            5 3 2 3 4 3234 1135 1436 1627 1139 2448 432 918 1160 48 Calima 
CAL 143               3 7 4 7 6 2664 1156 1581 3022 1979 2148 714 754 1314 46 Calima 
NUA 35                7 9 3 8 6 1788 688 1029 1068 946 1528 328 457 777 51 Calima 
NUA 45                
7 8 4 8 4 2381 854 1683 1929 1439 1982 451 603 1097 64 Calima 
NUA 56                7 6 4 7 4 1805 469 1156 2048 1256 1770 290 656 910 50 Calima 
NUA 59                7 7 3 7 4 1746 667 1023 1672 1439 1608 237 477 852 45 Calima 
RMA 18                7 6 3 7 5 1795 542 1481 1718 1393 2030 275 920 972 58 Calima 
Signif. Loc              ***   
Var *** *** *** *** *** *** *** *** *** NS *** *** *** ***   
L X V                      ***     
                 
CTZ = Chitedze, Malawi, BBK = Bembeke,  Malawi, DEL = Delmas, South Africa, HRE = Harare, Zimbabwe, UYO = Uyole, Tanzania,  KIS = 
Kisanga, southern Democratic Republic of Congo, GWB = Gwebi,  Zimbabwe,  MBM = Mbimba, Tanzania 
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2.4.4 Breeding micronutrient dense bean varieties in eastern Africa: strategy and progress  
 
Rationale: Micronutrient malnutrition is now recognized as one of the most serious health challenges 
facing vast sectors of Africa’s population particularly resource-poor women and children. Major 
deficiencies include iron, zinc, vitamin and protein. Prevalence of iron deficiency anaemia (IDA) varies 
from 8% in Ethiopia, 67% in Tanzania, to 69% in Burundi. The main cause of these deficiencies are diets 
rich in energy but poor in proteins, minerals and vitamins, widespread poverty limiting access to animal-
based and commercially fortified products. Alternative strategies of reducing micronutrient deficiencies 
such as supplementation and fortification have had limited success in Africa because of limited coverage, 
underdeveloped food industry and difficulties in patient compliance and access. Dietary improvement 
through biofortified food crops, is probably the most effective and sustainable strategy for reducing 
micronutrient deficiencies in Africa. This approach aims to increase dietary availability, regular access 
and consumption of mineral-rich foods in at-risk and micronutrient-deficient groups of populations. It 
involves development and promoting enhanced consumption of culturally acceptable, mineral rich grains 
and vegetables. Common bean offers unique opportunities for improved micronutrient nutrition and food 
security because it is widely grown (3.7 million ha annually in Africa) and consumed; it is rich in protein 
(>20%), minerals and calories, and is relatively cheap and highly marketable. A regional breeding 
program was initiated in 2004 to develop and disseminate micronutrient dense bean varieties.  
 
Strategy: A strategy was formulated to develop and disseminate micronutrient dense varieties in east, 
central, southern and later in west Africa (Figure 62). Key elements of this strategy included collection 
and screening local and introduced germplasm for iron zinc and protein, agronomic evaluation of 
promising lines, assessment of genotype x environmental interactions,  on-farm participatory selection, 
advancement of selected fast track lines through preliminary, intermediate/advanced, national and 
regional yield trials, variety release, seed production and dissemination (Figure 62). A second stream of 
the strategy focused on transferring high mineral trait to commercial cultivars, and combining it with 
resistance to biotic and abiotic stress factors. Information on the inheritance on high mineral trait and 
nutritional quality including cooking time, taste, and mineral retention was sought through case studies. 
Breeder seed was produced to facilitate further multiplication and dissemination of commercial seed to 
end users. The objectives of the regional breeding program are: (i) to characterize the variation of grain 
iron and zinc concentration, (ii) identify potential parents for further breeding work, and iii) determine 
whether there regions with high diversity for this trait and complement existing collection at Genetic 
Resources Unit at CIAT, Colombia, and iv) identify lines which could be fast-tracked as mineral dense 
lines for cultivation by farmers in regions with severe Fe and Zn malnutrition. This report highlights 
progress in this program. 
 
Materials and Methods: Germplasm was collected in nine countries in east and central Africa. 
Collections included landraces, varieties, introductions, germplasm accessions and breeding lines held by 
national bean programs and gene banks. A germplasm collection, characterization and conservation 
protocol was developed and distributed to bean programs in east, central and southern Africa. Samples 
were analyzed at the University of Nairobi (Kenya), and subsequently at CIAT (Colombia), Cornell 
University (USA), University of Copenhagen (Denmark) and Sokoine University (Tanzania) to facilitate 
cross-lab comparison. Thirty-eight fast track lines were identified and distributed for regional evaluation 
across agro-ecological zones in more than 15 countries in east, central and southern Africa, and later in 
west Africa. Fast track lines were also evaluated for anti-nutritional factors (tannins and phytates), 
cooking time, mineral retention and other organoleptic characteristics. Studies were conducted to 
determine the influence of specific agronomic management practices (inorganic and organic soil 
amendments, moisture stress and soil type) on mineral density. Genotypes with high micronutrient 
concentration but lacking in preferred agronomic traits and susceptible to major diseases were entered in 
hybridization programs to generate segregating populations and select for lines combining mineral density 
with resistance to biotic and abiotic stress factors, marketable grain types and high yield potential. 
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Mineral analyses were performed used ashing and wet digestion techniques (Zarcinas et al, 1983). Normal 
agronomic practices were followed in field trials. Data was analyzed using Genstat and/or SAS statistical 
software. 
 
 
 
 
 
 
 
 
Figure 62.  Strategy for development and dissemination of micronutrient dense lines in East, Central 
 and Southern Africa. 
 
 
Results and Discussion: 
 
Germplasm screening.  A total of 2849 germplasm accessions were collected from nine countries in East 
and Central Africa against a target 2000 accessions by December 2007 (Table 80). They included 
landraces, old varieties and some breeding lines. Although the initial target was 2000 accessions, more 
accessions were collected because other bean network countries expressed interest to collect and 
characterize their germplasm with the support of PABRA and ASARECA. By December 2007, 2830 
accessions had been partially or completely characterized for some agronomic traits and seed increased to 
facilitate mineral analyses. About 1,412 accessions have been screened for minerals. Results showed that 
iron concentration varied from 40 to over 100 mg kg-1. Zinc concentration varied from 18 to over 50 mg 
kg-1. This implied that considerable genetic variation existed to facilitate improvement of iron by more 
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than 80% and zinc by more than 50%. Although mineral density was affected by the growing conditions 
(soil type, soil nutrients) and methods of analyses, results showed that most of the lines consistently 
showing high levels of micronutrients originated from the Great Lakes region especially DR Congo and 
Rwanda. Genotypes with high levels of iron included Maharagi Soja, Gofta, AND 620, MLB 49 89A, 
HRS 545, Nakaja, VCB 87013, Nain de Kyondo, TY 3396-13, PVA 8, Nguaku Nguaku, Urugezi, Lib 1, 
Roba-1 and Mwamfutala. All except Gofta, Roba-1 (Ethiopia) and HRS 545 (Sudan) originated from the 
Great Lakes Region. Blair et al. (2007) also reported Nakaja and Urugezi as a high Fe lines.  Lines with 
high levels of zinc included VNB 81010, MLB 49 89A, AND 620, LIB 1, Ranjonoby,  Naindeky, Nakaja, 
Jesca, K131,  K132 and Kiang’ara.  When these lines were grown under uniform low N conditions in the 
greenhouse at Kabete, they showed lower levels of Fe (21-81 mg kg-1) and Zn (8-38 mg kg-1) compared 
with results with original samples. This suggested possible genotype x environment interaction for these 
traits. Materials from Burundi are yet to be analyzed. However, analyses of released varieties and 
landraces from east and southern Africa showed that materials from DR Congo and eastern Tanzania had 
high levels of Fe and Zn (Blair et al, 2007). Andean varieties from southern and eastern Africa showed 
higher Fe concentration than Mesoamerican varieties from the same region. Several varieties from 
Tanzania and Mozambique showed high levels of iron. Similar results were reported by Mamiro et al 
(2006) on landraces collected in bean growing regions of Tanzania.   
 
Table 80.  Germplasm accessions collected, characterized and analyzed for mineral density in East and 
 Central Africa, 2003-2007. 
 
Country Target Number collected Number 
characterized 
Number analyzed for 
Fe and Zn 
Burundi 
 
0 27 
 
0 
 
0 
 
DRC-East  700 500 500 300 
DRC-West  
 
100 150 
 
150 
 
10 
 
Ethiopia 
 
0 0 
 
5 5 
Kenya  
 
400 362 362 0 
Madagascar 
 
0 52 
 
52 
 
0 
Tanzania  
 
400 177 
 
141 
 
12 
Sudan 
 
0 8 
 
8 5 
Rwanda 
 
1100 1100 1037 900 
Uganda  
 
600 500 125 180 
Total  3200 
(actual 2000) 
2849 2380 1412 
 
 
Identification of Candidate Varieties. Thirty-eight fast track lines were evaluated for their agronomic 
potential and acceptability to farmers in preliminary yield trials in Burundi and Madagascar, and in 
advanced yield trials in Rwanda, Ethiopia, Uganda, Kenya, Tanzania and DR Congo. In Burundi 15 
climbing bean lines were evaluated for three seasons at two locations (Gisozi and Murongwe). Best 
yielding lines were VCB 81013, VCB 81012, Kiangara, G59/1-2 and AND 10. Farmers participating in 
the trial selected four lines which they considered acceptable for further evaluation. Evaluation of 26 bush 
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fast track lines at Moso started in 2006. In Rwanda, participatory evaluation and seed production of fast 
track lines with communities continued in a collaborative effort between the ISAR bean program and 
health programs. Six lines were selected: Maharagi Soja, Ngwinurare, AND 620, VNB 81010, MLB 40-
89A and MLB 49-89A. In Uganda, 13 lines were selected from the initial 38 fast track lines. They were 
evaluated under drought conditions at Namulonge. Grain yields were generally low (236-1208 kg ha-1) 
due to moisture stress. Nain de Kyondo had the highest yields of 1208 kg ha-1. Evaluation of the black 
seeded MLB 49 89A preferred by farmers in northern Uganda continued. Four lines (PVA 8, Nain de 
Kyondo, Gofta and Kirundo) showed higher yields that the commercial check, K132. In Kenya, 
participatory evaluation of fast track lines was conducted at Katumani, Kabete, Kisii, Kisumu, Thika and 
Kakamega. At Katumani, yield of 38 fast track lines varied from 832 to 1829 kg ha-1. Sixteen lines had 
better yields compared with the commercial check GLP 2 (Rosecoco, 1351 kg ha-1). Eight of these lines 
gave higher grain yield than the recently released variety Kat B9 (1492 kg ha-1) and GLP 92 (1456 kg ha-
1). Evaluation of 12 lines previously selected from observation trials started at five sites during the 2006 
short rain season. In Tanzania, 21 fast track lines selected from observation and preliminary trials were 
evaluated in advanced yield trials at Madiira and Selian in 2006 and 2007. Due to favourable weather 
conditions, grain yield of these lines varied from 1.4 to 4.3 t ha-1. The best yielding lines were Zebra (4.3 t 
ha-1), Selian 95 (3.5 t ha-1), RWR10 (3.4 t ha-1), Ayenew (3.2 t ha-1), Mafutala (3.0 t ha-1) and PVA8 (3.0 t 
ha-1). LIB-1 and Gofta were highly susceptible to BCMV (score of 7-8). HRS 545 was susceptible to rust 
(score of 9). Madagascar started agronomic evaluation of biofortified lines in 2006.  Preliminary 
observations and seed increases were made in collaborative trials between AMADEA (an NGO) and 
FOFIFA. Maharagi Soja showed good performance in these trials. In Ethiopia, 16 biofortified lines were 
advanced to national variety trials. Six promising lines (GLP -2, PVA 8, Kirundo, K-132, AFR 708 and 
Simama) showed good performance.  In eastern DR Congo, participatory variety selection was conducted 
with men and women farmers groups. Each group had 24 farmers. Each farmer group selected 10 bush 
lines based on their own criteria. Most popular varieties with women farmers were CODMLB007, 
M’Sole, Simama and CODMLB 033. In contrast men farmers preferred CODMLB 004, Kirundo, M’Sole 
and COD MLB 005. Women farmers selected 10 climbing bean lines; men selected eight. Six lines 
selected by both groups were: G 59/1-2, VCB 81012, VCB 81013, CODMLV 052, Kiangara and AND 
10. 
 
Selection from Segregating Populations. Mineral dense lines derived from fast track nursery, which are 
susceptible to diseases (anthracnose, angular leaf spot, BCMV, BCMNV and rust) were entered in 
crossing block to correct the deficiencies.  Selection for new combinations with mineral density, 
resistance to diseases and preferred grain types started at INERA-Mulungu (DR Congo), Selian 
Agricultural Research Institute (Tanzania) and Kabete (Kenya). At Kabete 8 NUA red mottled lines 
generated from crosses between CAL96 and mineral dense parents were analyzed for minerals and 
protein concentration. Results showed iron concentration varied from 45 to 75 mg kg-1. Zinc 
concentration varied from 25 to 50 mg kg-1. Preliminary results indicate that varieties combining high 
micronutrient density, resistance to diseases and marketable grain types can be developed from these 
populations. 
 
Nutritional evaluation. Seed of the 38 fast track lines was sent to Sokoine University for planting to 
generate leaves, pods, green shelled beans for mineral analyses. At the University of Nairobi two studies 
were conducted to assess micronutrient concentration in bean leaves. In the first study, seed and leaves of 
72 bean lines of diverse origins grown in 40 farmers fields in Kisii district, Kenya was analyzed for iron , 
zinc and protein concentration. Results showed that iron concentration in leaves was much higher than in 
the seeds. Leaf iron concentration varied from 397 mg kg-1 in Awash 1 to 2498 mg kg-1 in Ngwinurare, 
with a mean of 1118 mg kg-1. Seed iron concentration varied from 49.5 mg kg-1 (MCM 2001) to 107.5 mg 
kg-1 (M’Sole). However, the levels of zinc were comparable to that of seeds. Leaf zinc concentration 
varied from 20 mg kg-1 (Sugar 73) to 67 mg kg-1 (Ngwinurare). It is significant to note that Ngwinurare is 
a popular variety in Rwanda. Its leaves and grain are being used by communities in five districts 
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participating in the ‘Agriculture, Nutrition and Health collaborative project’. The results suggested that 
bean leaves which are widely consumed in the region can make a significant contribution to micronutrient 
nutrition. Preliminary results from the Rwandese project indicate improved micronutrient health status in 
participating communities. 
In the second study, leaves of the 38 lines fast track lines were analyzed for iron, zinc and protein 
concentration. Results showed that leaf iron concentration varied from 236 mg kg-1 in cultivar (cv.) 
‘Zebra’ to 1961 mg kg-1 in Kirundo. Leaf zinc concentration varied from 17 mg kg-1 in cv. Nguaku 
Nguaku to 94 mg kg-1 in cv. Kiangara. Crude protein varied from 23.7% in Red Wolaita to 35.6% in TY 
3396. These results seemed to confirm the first study that bean leaves have much higher iron levels 
compared to the grain. 
 
Contributors: P. Kimani, S. Beebe, M. Blair (CIAT) and Peter Mamiro (Sokoine Univ. of Agric) 
 
Collaborators:   Nkonko Mbikayi (DR Congo), A. Namayanja (Uganda), Rael Karimi 
 ( KARI-Katumani),  and Bean teams at Kabete, CIAT-Colombia, FOFIFA  
 (Madagascar), ISAR (Rwanda), Martha Nyagaya (CIAT), Lagrotech Seed 
 Company (Kenya). 
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2.4.5    Selection for red mottled bean lines with high micronutrient density and resistance to 
 diseases  
 
Rationale: Previous breeding work in eastern Africa has focused on improvement of red mottled bean 
varieties with high yield potential and resistance to biotic stresses (CIAT, 2005). However, due to the 
widespread micronutrient malnutrition in the region, breeding for micronutrient dense varieties has been 
added as new breeding objective. Moreover, results from germplasm screening and evaluation efforts in 
between 2003 and 2006 showed that some of the fast track varieties were susceptible to major diseases 
and lacked preferred marketable grain characteristics (CIAT, 2006). Consequently mineral dense varieties 
lacking in other important agronomic traits cannot be expected to meet farmers’ demands for productive, 
marketable and nutritionally superior cultivars.  Red mottled is one of the most important grain types 
consumed and traded in local and regional markets in east, central and southern Africa. Red mottled 
varieties are cultivated in more than 740,000 ha in Africa (Wortmann et al, 1998). Red mottled varieties 
are of high importance in Uganda, Kenya, Tanzania, Rwanda, Malawi and DR Congo. A regional 
program was therefore started to develop new populations combining high mineral density with resistance 
to biotic and abiotic stress, and to select for large seeded red mottled grain types popular with farmers 
from new and existing populations. 
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Materials and Methods: Two hundred eighty one F2.6 lines and eight advanced red mottled lines grown 
at Kabete, Laikipia and Ol Jorok (Kenya) were analyzed for Fe, Zn and protein. The F2.7 generation was 
evaluated for grain yield and other agronomic traits at two locations in 2007 in Kenya. The 281 F2.6 lines 
were originated from seven populations: KAB 02 (67 lines), KAB 05 (16 lines), KAB 06 (70 lines), KAB 
12 (25 lines), KAB 10 (47 lines), KAB 11 (30 lines) and KAB 13 (26 lines). These lines were previously 
selected for resistance to diseases, plant type and other agronomic traits for five generations at Kabete, 
Sabatia, Ol Jorok and Laikipia field sites in Kenya. The eight advanced lines originated from CIAT- 
Colombia and were derived from crosses between CAL 96 (K132) and high Fe density parents. For 
comparison, eight runner bean (Phaseolus coccineus L.) lines and their F3 families were evaluated for 
mineral density and protein. For preliminary yield evaluation, lines from each population were grown as a 
separate trial at Kabete and Laikipia Field Stations. The trials were laid out in randomized complete block 
design with three replicates. Normal agronomic practices were carried out to maintain weed free plots. 
Data was recorded on phenology, disease incidence, 100-seed mass and grain yield. Genstat (10th edition) 
was used for analyses of variance. 
 
Results and Discussion:  
 
Mineral density  
 
Iron:  Results showed that grain iron concentration varied from 30 to 130 mg kg-1 for the 281 F2.6 lines 
(Table 81). However, mean iron concentration varied with populations. Number of lines with more than 
90 mg kg-1 iron varied from 3 lines for KAB 05 population to 13 for KAB 02, 18 lines for KAB 13 and 19 
lines for KAB 06.  More than 41 lines had more than 100 mg kg-1 Fe. The highest frequency of lines with 
more than 100 mg kg-1 Fe occurred in population KAB 06 (9 lines), KAB 02 (11 lines) and KAB 13 (10 
lines). The lowest frequency of lines with more than 100 mg kg-1 Fe occurred in population KAB 12. 
Only one of the 25 lines selected from this population had more than 100 mg kg-1 Fe. Among the NUA 
lines, Fe concentration varied from 45 to 75 mg kg-1.  NUA 4, NUA 30, NUA 35 and NUA 43 were 
previously selected for high Fe density, while NUA 45, NUA 50, NUA 56 and NUA 59 were low Fe lines 
included for comparison.  Except for NUA 43, all NUA lines showed higher Fe concentration than the 
four low Fe lines. However, NUA 56 had the same level of Fe as NUA 4 (Table 82). Parental lines of 
runner bean showed considerable variation in grain Fe concentration. Fe concentration varied from 45 to 
105 mg kg-1. F1 between White Emergo (60 mg kg-1) and Kinangop 4  ( 45 mg kg-1) showed Fe levels (60 
mg kg-1) close to the high parent. Their F2 progeny showed transgressive segregation for Fe concentration 
(110 mg kg-1), suggesting quantitative mode of inheritance. This indicated potential for selecting runner 
bean lines with high Fe concentration. Only one runner bean line (Nyeri 1) showed higher Fe 
concentration than NUA lines. However, their progenies had relatively higher seed iron than NUA lines 
(Table 82). 
 
Zinc:  The F2.6 lines showed considerable variation in grain zinc concentration (Table 81). Grain zinc 
varied from 10 to 60 mg kg-1. Zinc concentration varied with populations.  KAB 13 had the highest 
number of lines with more than 35 mg kg-1 zinc. Sixteen lines from KAB 13 population had 35 mg kg-1 or 
higher zinc concentration. In contrast, none of the lines from KAB 5 population had lines with more 35 
mg kg-1 zinc. Other populations with high frequency of lines with 35 mg kg-1 zinc were KAB 06 (8 lines) 
and KAB 11 (5 lines).  KAB 12 had 3 lines with more than 35 mg kg-1 zinc. KAB 10 and KAB 2 had 2 
lines each. NUA lines showed relatively high zinc levels. All except NUA 45 had 35 mg kg-1 or higher 
levels of zinc. Among the runner bean lines, Nyeri I appeared to combine high levels of iron and zinc. All 
other lines and their progenies showed relatively low levels of zinc.  
 
Protein:   The F2.6 lines showed considerable variation in protein concentration. Protein varied from 18 to 
29%. This was within the normal range reported for common bean. Protein concentration varied with 
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populations. Populations KAB 10, KAB 2, KAB 11 and KAB 13 had the highest frequency of lines with 
high protein levels. Some lines combined high protein, iron and zinc levels. NUA lines showed relatively 
high levels of protein concentration (Table 82).  Protein levels varied from 22 to 26.5% among the NUA 
lines.  In contrast, runner bean lines showed relatively low protein levels. 
 
 
Table 81. Iron, zinc and protein concentration in F2.6 lines selected from seven bean populations in 
 Kenya.  
 
Population No. of lines Fe (mg kg-1) Zn (mg kg-1) Protein (%) 
KAB 02 67 30-120 10-40 18-26 
KAB 05 16 55-125 10-35 19-24 
KAB 06 70 30-130 10-55 17-24 
KAB 10 47 30-115 10-45 19-28 
KAB 11 30 40-115 10-40 20-28 
KAB 12 25 35-100 10-40 19-24 
KAB 13 26 50-115 10-60 21-29 
Total 281    
 
 
Table 82.  Fe, Zinc and protein concentration of advanced NUA lines, runner bean parental lines and 
 their F1, F2 populations and F3 families in Kenya. 
 
Genotype Fe (mg kg-1) Zn (mg kg-1) Protein (%) 
NUA 4 65 50 24.1 
NUA 30 75 45 24.8 
NUA 35 70 45 26.5 
NUA 43 50 40 22.9 
NUA 45 45 25 24.1 
NUA 50 60 35 24.3 
NUA 56 65 50 25.2 
NUA 59 55 35 22.9 
    
Runner beans    
Nyeri 1 105 45 19.3 
Kinangop 2 60 30 19.7 
Kinangop  4 (KIN 4) 45 25 19.8 
White Emergo 70 20 18.9 
Kinangop 1 (KIN 1) 60 35 21.1 
White Emergo x KIN 4 F1 60 30 21.5 
White Emergo x KIN 4 F2 110 25 17.2 
White Emergo x Kenya Local 
(F2) 80 35 15.3 
Kenya Local x White Emergo 
(F3) 60 20 15.5 
White Emergo F2 90 20 17.9 
White Emergo x KIN 1 (F2) 65 25 17.4 
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Disease reaction: 
 
The 281 lines were scored for resistance under heavy diseases pressure at Laikipia field site (2490 masl, 
0o 03’S and 36o 22’E) during the long rain season (March-May) and short rain season (October- 
November) in 2007. They were compared to runner bean lines grown at the same site. Results are shown 
in Table 83. Most of the advanced lines were rated resistant to common bacterial blight (CBB). Incidence 
and severity of CBB at this ‘hot spot’ was moderate compared to other seasons. However the incidence 
and severity of anthracnose, ascochyta and bean common mosaic was very high.  Most of the lines 
showed intermediate to susceptible reactions to infection by anthracnose. However 11 lines from KAB 2 
and KAB 11 populations were resistant to anthracnose (Table 83). Fifty-six lines showed intermediate 
reactions or moderately resistant to anthracnose.  About 232 lines were rated susceptible to anthracnose 
strains prevalent at this site. Thirty-five F2.7 lines were rated resistant to BCMV. Most of the lines rated 
resistant to BCMV originated from populations KAB02 and KAB 10. One hundred sixty-six lines were 
moderately resistant to BCMV and 98 were susceptible.  Thirty-six lines were resistant to ascochyta. 
Most of the lines resistant to ascochyta originated from population KAB 02. Most of the lines (183) 
showed intermediate reaction to ascochyta. Eighty lines were rated susceptible to ascochyta. There were 
no lines resistant to ascochyta in three populations (KAB 05, KAB 06 and KAB 13). Although most of 
the advanced common bean lines showed resistant reactions to rust infection, there was considerable 
variability in reactions of runner bean lines sown in the same field to rust infection (Table 83).  Results 
showed that 14 runner bean lines were resistant to rust, 145 were moderately resistant and 26 were 
susceptible.  
 
 
Table 83. Reaction of F2.7 common bean and runner bean lines to common bacterial blight (CBB), 
 anthracnose, bean common mosaic virus (BCMV), ascochyta and rust at Laikipia, Kenya 
 2007. 
 
Population CBB Anthracnose BCMV Ascochyta Rust 
R* I* S R I S* R I S R I S R I S 
KAB 02 50 1 0 10 21 20 11 17 23 23 24 4 48 3 0 
KAB 05 33 0 0 0 8 25 1 20 12 0 28 5 32 1 0 
KAB 06 39 1 0 0 1 39 3 35 2 0 13 27 35 5 0 
KAB 10 33 0 0 0 11 22 14 16 3 6 24 3 31 2 0 
KAB 11 28 1 0 1 7 21 4 18 7 4 22 3 29 0 0 
KAB 12 62 3 0 0 3 62 1 17 47 3 32 30 65 0 0 
KAB 13 34 14 0 0 5 43 1 43 4 0 40 8 48 0 0 
 
Runner beans 
               
RBA 19 0 0 7 12 0 19 0 0 19 0 0 7 8 4 
RBB 18 0 0 14 4 0 18 0 0 18 0 0 2 12 4 
RBC 14 0 0 14 0 0 14 0 0 13 1 0 2 5 7 
RBD 30 0 0 30 0 0 30 0 0 29 1 0 1 22 7 
RBE 28 0 0 28 0 0 25 5 0 28 0 0 1 27 0 
RBF 26 0 0 26 0 0 25 1 0 26 0 0 0 23 0 
RBG 22 0 0 16 6 0 22 0 0 22 0 0 0 22 0 
RBH 28 0 0 26 2 0 28 0 0 28 0 0 1 26 1 
 
* R= resistant, I= intermediate and S= susceptible, using CIAT scale of 1 to 9, where a score of 1-3 is  resistant, 4-6 is 
intermediate and 7-9 is susceptible. Numerals refer to number of lines in each category. 
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Runner bean lines showed high levels of resistance to CBB, anthracnose, BCMV and ascochyta. This 
implied that runner beans can be a useful source of resistance to these diseases and can perform better 
than common beans at high altitudes. However, runner beans were more susceptible to rust compared 
with common bean lines. 
 
Runner bean also showed a high degree of resistance to frost compared with common bean. Most bean 
lines were damaged extensively by frost that occurred mid-season.   
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2.4.6    Effect of lime on grain iron and zinc concentration in bean genotypes 
Rationale: Increased micronutrient density in grain destined for human consumption may alleviate 
micronutrient deficiencies, such as iron and zinc. Studies have shown that fertilization with inorganic and 
organic forms of micronutrients has the potential to increase their concentration in the grain (Rengel et al, 
1999). However, the effectiveness of agricultural measures in increasing micronutrient density depends 
on soil type, crop, cultivar, environmental and other factors. This necessitates the development of a 
specific set of measures for individual regions. Although bean is produced primarily in areas where 
median soil pH is between 5.0 and 6.0, over 23% of the production in eastern Africa occurs in areas 
where soil pH is either below or equal to 5.0.  In the Great Lakes Region, where bean is an important 
crop, proportion of acid soil is higher and soil related constraints seem to be even more severe. Over 20% 
of the production in southern Africa occurs in acid soils (Wortmann et al, 1998). In acid soils, sulphur and 
phosphorus deficiency and Al and Mn toxicity are common.  Solubility of micronutrients in soil is largely 
determined by pH and the redox potential. Divalent metals such as Zn, Cu, Mn, and reduced Fe decrease 
in solubility by one-hundred-fold for every pH unit increase. Although lime is applied to correct acidity 
problems by increasing soil pH, micronutrient deficiencies become more severe when soils are limed. For 
example, above pH 7.2 , deficiencies of Fe, Zn, or Mn may occur, and growth responses to the addition of 
these elements, or to a reduction of soil pH, may be expected if soil tests for the elements are low (Hall 
and Schwartz, 1993). The role of lime application on micronutrient density in edible portions of common 
bean is not well known.  We previously reported on the effect of liming on agronomic performance of 
micronutrient dense lines (CIAT, 2005). In this report, we highlight the influence of lime application on 
grain iron and zinc concentration in bean lines selected for enhanced accumulation of micronutrients in 
eastern Africa.  
Materials and Methods: Eight bean lines and two checks were evaluated at four levels of lime 
application in three locations over two seasons. The trials were conducted at Thika and Kabete (Field 16) 
during the long rain season (November to February). During the long rain season (April-August) the trials 
were conducted at Kakamega and Kabete (Field 10). Four levels of agricultural lime (56% CaO) were 
applied in furrows, two weeks before planting to ensure equilibration process. Lime was applied to 
provide 0, 7, 14 and 21 milliequivalents (meq) per 100 g of soil. The factorial experiment was laid out in 
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a split plot design with three replicates. Normal agronomic practices were carried out. Soil samples were 
collected before planting. Leaf samples were collected before flowering for mineral analyses. Seed 
samples were collected at harvest. Data was collected on plant vigour, phenology, disease incidence and 
severity, 100-seed mass and grain yield. Genstat version 8 (2005) software was used statistical analyses.  
Results and Discussion: Soil analyses showed that soil pH in water (1:1) of the top 20cm layer before 
planting was 5.9 in Kabete Field 16, 5.5 at Thika, 6.1 in Kabete Field 10 and 5.1 at Kakamega. Soil pH in 
water (1:2.5) was 6.2 in Kabete Field 16, 5.5 in Thika, 6.3 in Kabete Field 10 and 5.2 at the Kakamega 
trial site. The values given are means for three determinations. The soils from the four environments can 
be classified as slightly acidic (Landon, 1991). Results showed that lime significantly (P<0.05) reduced 
seed Fe concentration (Table 84). Mean seed iron concentration decreased with increasing rates of lime 
application for the four sites and over the two growing seasons. This is because the added lime depressed 
the uptake of Fe by beans. Additions of lime to soil have been reported to depress the uptake of Zn, Cu, 
Fe and Co, and increase the uptake of Se and Mo by plants (Sander et al., 1987; Allaway, 1986). AND 
620 had the highest seed Fe concentration and Roba-1 the lowest. However, seed iron concentration 
varied with location and season (Figure 63). Significant genotype x environment interaction was detected. 
 
Liming significantly (P<0.05) reduced seed Zn concentration (Table 85). Mean seed zinc concentrations 
decreased with increasing rates of lime application. This was consistent across sites and seasons.  
Application of lime may have depressed the uptake of Zn by beans. Sander et al. (1987) and Allaway 
(1986) reported that adding lime to soil depresses the uptake of Zn, Cu, Fe and Co, and increases uptake 
of Se and Mo by plants. There were significant genotypic differences in seed zinc concentration. VNB 
81010 had the highest zinc concentration while Nakaja had the lowest (Figure 64). Significant genotype x 
environment interaction for seed zinc concentration was detected.  
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Table 84.  Effect of lime application on grain iron concentration in bean lines grown in four 
 environments in Kenya. 
 
 
Lime level 
(meq 100g-1) 
Kabete 
Field 16 
(mg kg-1) 
Thika 
(mg kg-1) 
Kabete Field 10 
(mg kg-1) 
Kakamega 
(mg kg-1) 
Mean (mg kg-1) 
      
0 61.8a 61.0a 63.0a 66.9a 63.2 
7 60.6a 57.9ab 58.2a 62.0ab 59.7 
14 58.2a 55.9ab 58.0a 56.4bc 57.1 
21 46.4b 52.0b 55.1a 51.5c 51.3 
Mean 56.8 56.7 58.6 59.2  
CV(%) 6.7 6.7 6.7 6.7  
LSD (0.05) 8.2 8.2 8.2 8.2  
      
 
      Means with the same letter in a column are not significantly different (P<0.05) 
 
 
 
 
         
 
 
 
Figure 63.   Genotypic x environment responses to seed iron concentration 
 Legend: Kab F16= Kabete Field 16,  Kab F10 = Kabete Field 10  and Kak= Kakamega. 
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Table 85.  Effect of lime level on seed zinc concentration in ten bean lines grown in four environments 
 in Kenya.  
 
 
Lime level 
(meq 100g-1) 
Kabete Field 16 
(mg kg-1) 
Thika 
(mg kg-1) 
Kabete Field 10 
(mg kg-1) 
Kakamega 
(mg kg-1) 
Mean (mg kg-1) 
      
0 25.3a 28.0a 28.1a 29.8a 27.8 
7 24.3a 28.0a 28.0a 27.4b 26.9 
14 23.1ab 24.1b 25.3b 26.3bc 24.7 
21 21.3b 23.6b 23.8b 24.1c 23.2 
Mean 23.5 25.9 26.3 26.9  
CV(%) 3.5 3.5 3.5 3.5  
LSD 0.05 2.3 2.3 2.3 2.3  
      
 
  Means with the same letter in a column are not significantly different at 5% probability level 
 
 
 
 
 
Figure 64.    Genotypic x environment responses to seed zinc concentration 
 Legend: Kab F16= Kabete Field 16,  Kab F10 = Kabete Field 10  and Kak= Kakamega. 
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concentrations of Zn and Fe in cereal grain increased with an increase in Zn or Fe fertilizer additions. 
Addition of macronutrients (N, P and K) which promote root and shoot development, can increase the 
uptake of all nutrients required by the plant (Constant and Seldrick, 1991; Rengel et al, 1999). 
 
Studies have shown positive, significant correlation between micronutrient density (especially Zn and Fe) 
and P concentration in grain of wheat, rice and soybean, and between grain Fe and Zn density and protein 
concentration. However, the limited work reported has mostly been on cereal crops and soybean.  Iron is 
essential for the synthesis of chlorophyll. Iron is involved in nitrogen fixation, photosynthesis, and 
electron transfer. Iron deficiency can occur in calcareous soils containing free calcium carbonate, high-pH 
soils, or acidic soils that have been over limed (Hall and Schwartz, 1993). Its availability declines above 
pH 6.0.  We previously reported on the role of iron fertilization on the agronomic performance of 
micronutrient dense bean varieties (CIAT, 2005). In this report, we highlight results of applying chelated 
iron on grain micronutrient density of bean lines selected for high grain iron and zinc. 
 
Materials and Methods: Four experiments were conducted at three locations during the long (April to 
August) and short rainy seasons (November to January) to determine the effect of method and level of 
iron concentration on the grain mineral density. Ten bean lines were grown at four levels of iron 
fertilization. The bean lines included eight with high levels of iron and/or zinc, and two checks (GLP 2 
and M211). Iron was applied into the soil near the root zone and as foliar feed. Chelated iron (Fe-ethylene 
diammine di-(O hydroxyl –phenyl acetic acid, Fe EDDHA) was applied at 0, 2, 4 and 6 kg ha-1. For foliar 
application, iron sulphate (2% FeSO4.7H20) was used at 0, 75, 150 and 300 liters per hectare. The 
factorial experiment was laid out in a split plot design with three replicates. The trial was conducted at 
Thika and Kabete during the short rain season and at Kakamega and Kabete in the long rain season. Soil 
samples were collected at each site before planting. Leaf samples were collected before flowering. Seed 
samples for mineral analyses were taken at harvest. Mineral analyses were conducted using the wet 
digestion method (Zarcinas et al, 1983).  Data was collected on phenology, disease incidence, 100-seed 
mass and grain yield following the CIAT standard scale (Schoohoven and Pastor-Corrales, 1987). Genstat 
(2005) software was used for analyses of variance. 
 
Results and Discussion: Results showed that there were significant differences due to method and level 
of iron application. Soil Fe application significantly (P<0.05) increased seed iron concentration (Table 
86). Mean seed iron concentrations increased with increasing rates of soil Fe fertilizer application up to 4 
kg Fe ha-1 rate. This was consistent across sites and seasons.  However, application of Fe at 6 kg Fe ha-1 
rate led to a decline in seed Fe concentration in all the sites for the two seasons. It appeared that after a 
certain limit in micronutrient fertilization is exceeded, further increase in fertilizer application may cause 
not only a reduction in grain yield, but also a decrease in micronutrient density in grain as well (Nambiar 
and Motiramani, 1983). Patterns of response of seed iron were similar for foliar application of iron (Table 
87), with increases up to 150 L ha-1 but with a decrease in seed iron at the highest level of 300 L ha-1.  
 
Soil Fe fertilizer significantly (P<0.05) increased seed zinc concentration at Thika (Table 88). Mean seed 
zinc concentration increased with higher rates of soil Fe fertilizer application up to 4 kg Fe ha-1 rate for 
beans grown at Kabete Field 16 and Kakamega, and but only up to 2 kg Fe ha-1 beans grown at Thika and 
Kabete Field 10. Application of Fe at 6 kg Fe ha-1 rate led to a decline in seed Zn concentration in all the 
sites for the two seasons.  
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Table 86.  Effect of soil iron application on grain iron concentration of ten bean lines grown in 
 four environments in Kenya.  
 
Soil iron  
level 
(kg ha-1) 
Kabete Field 16 
(mg kg-1) 
Thika 
(mg kg-1) 
Kabete Field 10 
(mg kg-1) 
Kakamega 
(mg kg-1) 
Mean 
(mg kg-1) 
0 62.2b 71.4b 61.7c 69.8c 66.3 
2 116.4a 107.5a 106.4b 91.3ab 105.4 
4 123.4a 114.4a 124.5a 101.1a 115.9 
6 68.5b 75.5b 72.3c 79.1bc 73.9 
Mean 92.6 92.2 91.2 85.3  
CV (%) 8.5 8.5 8.5 8.5  
LSD (0.05) 15.0 15.0 15.0 15.0  
Means with the same letter in a column are not significantly different (P<0.05) 
 
 
Table 87.  Effect of foliar iron application on grain iron concentration of ten bean lines grown in  
four environments in Kenya.  
 
Foliar iron  
level 
L ha-1 
Kabete Field 16 
(mg kg-1) 
Thika 
(mg kg-1) 
Kabete Field 10 
(mg kg-1) 
Kakamega 
(mg kg-1) 
Mean  
(mg kg-1) 
0 62.2b# 71.4b 61.7b 69.8c 66.3 
75 70.9b 79.0b 70.8b 71.3c 73 
150 105.0a 94.1a 108.5a 121.8a 107.4 
300 73.5b 68.1b 68.6b 101.1b 77.8 
Mean 77.9 78.2 77.4 91  
CV (%) 8.5 8.5 8.5 8.5  
LSD (0.05) 15.0 15.0 15.0 15.0  
#Means with the same letter in a column are not significantly different (P<0.05) 
 
 
Table 88.  Effect of soil iron level on seed zinc concentration of bean lines grown in four 
 environments in Kenya.  
 
Soil iron  
level 
(kg ha-1) 
Kabete Field 16 
(mg kg-1) 
Thika 
(mg kg-1) 
Kabete Field 10 
(mg kg-1) 
Kakamega 
 (mg kg-1) 
Mean  
(mg kg-1) 
0 25.2a 20.6b 28.1ab 22.3a 24.1 
2 26.1a 24.3a 29.4a 23.7a 25.9 
4 26.3a 22.8ab 25.6bc 23.8a 24.6 
6 25.2a 20.7b 24.3c 23.2a 23.4 
Mean 25.7 22.1 26.9 23.3  
CV(%) 4.5 4.5 4.5 4.5  
LSD 0.05 2.6 2.6 2.6 2.6  
Means with the same letter in a column are not significantly different (P<0.05) 
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Results showed that foliar Fe fertilizer significantly (P<0.05) increased seed zinc concentration (Table 
89). Mean seed zinc concentration increased with increasing rates of foliar Fe fertilizer application up to 
75 L Fe ha-1 rate at Kabete and Kakamega, and up to 150 L Fe ha-1 rate at Thika. Application of Fe at 300 
L Fe ha-1 rate led to a decline in seed Zn concentration at all the sites for the two seasons. Highest seed Zn 
concentration levels were obtained from beans grown at Kabete Field 10 followed by Kabete Field 16. 
Lowest levels of grain zinc concentration were recorded at Kakamega and Thika. Higher seed Zn levels in 
beans grown in Kabete soils may have been influenced by higher Zn levels in these soils (16.4 mg kg-1 in 
Field 16 and 14.7 mg kg-1 in Field 10), compared to beans grown in Thika (8.1 mg kg-1  Zn).   Relatively 
high seed Zn concentration levels were obtained from beans grown in Kabete Field 10 followed by 
Kabete Field 16, Thika, and then Kakamega. 
 
 
Table 89.  Effect of foliar iron level on seed zinc concentration in bean lines grown in four environments 
 in Kenya 
 
Foliar iron level 
(2% FeSO4) 
L ha-1 
Kabete Field 16 
(mg kg-1) 
Thika 
(mg kg-1) 
Kabete Field 10 
(mg kg-1)  
(Field 10) 
Kakamega 
(mg kg-1) 
Mean  
(mg kg-1) 
0 25.2a 20.6b 28.1ab 22.3ab 24.1 
75 25.7a 22.1ab 29.6a 23.7a 25.3 
150 23.9ab 24.1a 26.6b 23.1ab 24.4 
300 22.4b 21.9ab 26.5b 20.7b 22.9 
Mean 24.3 22.2 27.7 22.5  
CV(%) 4.5 4.5 4.5 4.5  
LSD 0.05 2.575 2.575 2.575 2.575  
Means with the same letter  in a column are not significantly different (P<0.05) 
 
There were significant differences in iron and zinc accumulation among the genotypes. Results showed 
that AND 620 had the highest mean Fe concentration (146 mg kg-1) across sites and seasons. M211 had 
the lowest levels (71 mg kg-1). M211 was the low Fe check in these trials.  AND 620 and VNB 81010 had 
the highest Zn levels across sites and seasons.  
 
Contributors:  P. Kimani, B. Okonda, J.K. Keter and S. Beebe 
  
Collaborators:  KARI-Thika and KARI-Kakamega and Bean team at Kabete 
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2.4.8    Effect of zinc fertilization on grain iron and zinc concentration in bean genotypes  
Rationale: Micronutrient rich grains are required as a critical component of the strategies for alleviating 
nutritional deficiencies that affect more than 2 billion people in the world. Although iron and zinc are 
frequently the most common micronutrient deficiencies world-wide, the problem is most severe in the 
developing countries where affordable alternative sources of these nutrients are limited. Common bean is 
relatively rich in these micronutrients. Current research efforts have emphasized the identification and 
production of mineral rich bean varieties. The grain mineral concentration is a function of the genotype, 
environmental factors and their interaction. Zinc is one of the most deficient microelements in soils, 
which has often translated into deficiencies in animals and humans.  A survey of 190 soils from 15 
countries by Sillanpaa (1990) showed that 49% of these soils were low in zinc. Agronomic management 
can enhance the expression of mineral density trait in crops. Zinc application in wheat increased grain 
yield by 5 to 554% in Turkey (Cakmak et al, 1999). The role of zinc in enhancing productivity and 
micronutrient density of common bean is not well known. Zinc is a metal component in several enzymes 
that function as part of electron transfer systems and in protein synthesis and degradation. Zinc is part of 
auxin that regulates plant growth. Zinc is most available in the pH range 5.0-7.0. Zinc deficiency can 
occur in soils with a high pH, or in acid soils that have received too much lime or P (Hall and Schwartz, 
1993). Elevated absorption of other nutrients, such as Fe, can also induce zinc deficiency. We previously 
reported on the influence of zinc application on agronomic performance of micronutrient dense bean lines 
(CIAT, 2005). In this report, we highlight the effects of foliar and soil zinc application on micronutrient 
density in the grain. 
Materials and Methods: Four experiments were conducted to determine the effect of foliar and soil zinc 
application on grain iron and zinc concentration. Ten bean lines were evaluated at four levels of zinc 
application in experiments conducted at Kabete and Thika during the short rain season (Nov–Feb.), and at 
Kakamega and Kabete during the long rain season (April–August). Zinc sulphate (ZnSO4.7H2O) was 
applied in the soil three weeks after planting to provide 0, 2, 4 and 6 kg Zn ha-1.  Foliar application of zinc 
sulphate (0.2% ZnSO4) was done three weeks after planting at 0, 50, 100 and 150 L ha-1. The factorial 
experiment was laid out in split plot design with three replicates. Soil samples were collected before 
planting.  Leaf samples were collected before flowering. Seed samples were collected at harvest. Data 
were collected on phenology, disease incidence, 100-seed mass and grain yield. Analysis of variance was 
performed using Genstat (2005, version 8) software.  
Results and Discussion: Analysis of variance showed that there were significant zinc treatment effects 
on grain iron and zinc concentration. Soil Zn fertilizer showed a tendency to increase seed Fe 
concentration across sites (Table 90). Mean seed iron concentrations increased at higher rates of soil Zn 
fertilizer application up to 2 kg Zn ha-1 rate for Kabete sites and Kakamega, and 4 kg Zn ha-1 rate for 
Thika. However, application of Zn at 6 kg ha-1 rate led to a decline in seed Fe concentration in all the sites 
for the two seasons. Competitive effects on iron uptake have been observed with high soil Fe reducing Zn 
uptake and vice versa (Ayed, 1970) and this is probably why maximum Zn (6 kg ha-1) led to a decline in 
seed Fe. 
 
Foliar Zn fertilizer significantly (P<0.05) increased seed Fe concentration (Table 91). Mean seed iron 
concentration  increased with higher rates of foliar Zn fertilizer application up to 50L Zn ha-1 rate in 
Kabete Field 16 and Kakamega, and up to 100L Zn ha-1 rate at Thika and Kabete Field 10.  However, 
application of Zn at 150L Fe ha-1 rate led to a decline in seed Fe concentration in all the sites for the two 
seasons. Higher seed Fe concentration levels were obtained from beans grown in Kabete Field 10, 
followed by Kakamega, Kabete Field 16, and then Thika. 
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Table 90.  Effect of soil application of zinc on seed iron concentration (mg kg-1) of bean lines grown in 
 four environments in Kenya.  
 
Soil zinc  level 
(kg ha-1) 
Kabete Field 16 
(mg kg-1) 
Thika 
(mg kg-1) 
 
Kabete Field 10 
(mg kg-1) 
Kakamega 
(mg kg-1) 
 
Mean 
(mg kg-1) 
0 66.2a* 55.4a 67.6a 68.3a 64.4 
2 68.0a 61.5a 77.5a 72.4a 69.9 
4 66.3a 65.4a 75.8a 69.7a 69.3 
6 65.6a 60.3a 74.7a 67.6a 67.1 
Mean 66.5 60.7 73.9 69.5  
CV(%) 6.7 6.7 6.7 6.7  
LSD 0.05 11.1 11.1 11.1 11.1  
*Means with the same letter in a column are not significantly different (P<0.05) 
 
Table 91.  Effect of foliar zinc level on seed iron concentration (mg kg-1) of bean lines grown in four 
 environments in Kenya.  
 
Foliar zinc  level 
L ha-1 
Kabete Field 16 
(mg kg-1) 
Thika 
(mg kg-1) 
 
Kabete Field 10 
(mg kg-1) 
Kakamega 
(mg kg-1) 
 
Mean 
(mg kg-1) 
0 66.2ab* 55.4a 67.6b 68.3b 64.4 
50 76.6a 62.9a 75.9b 83.8a 74.8 
100 68.0ab 64.5a 90.2a 66.8b 72.4 
150 62.4b 59.0a 74.6b 64.8b 65.2 
Mean 68.3 60.5 77.1 71.0  
CV(%) 6.7 6.7 6.7 6.7  
LSD 0.05 11.1 11.1 11.1 11.1  
*Means with the same letter in a column are not significantly different (P<0.05) 
 
 
Soil Zn fertilizer significantly (P<0.05) increased grain Zn concentration (Table 92). Mean seed zinc 
concentrations increased at higher rates of soil Zn fertilizer application up to 4 kg Zn ha-1 rate at all sites. 
However, application of Zn at 6 kg Zn ha-1 rate led to a decline in seed Zn concentration in all sites for the 
two seasons. Highest mean seed Zn concentration was recorded for beans grown in Kabete Field 16, 
followed by Kabete Field 10, Kakamega, and then Thika. Higher seed Zn levels in beans grown in Kabete 
soils may have been influenced by higher levels of native Zn in these soils (17.7 mg kg-1 Zn in Field 16 
and 11.1 mg kg-1 Zn in Field 10) compared to beans grown in Thika (10.1 mg kg-1). 
 
Table 92.  Effect of soil zinc level on seed zinc concentration (mg kg-1) of bean lines grown in four 
 environments in Kenya.  
 
Soil zinc  level 
(kg ha-1) 
Kabete Field 16 
(mg kg-1) 
Thika 
(mg kg-1) 
 
Kabete Field 10 
(mg kg-1) 
Kakamega 
(mg kg-1) 
 
Mean 
(mg kg-1) 
0 23.0c* 21.8d 24.6c 23.0c 23.1 
2 37.3b 35.6c 37.0b 36.5b 36.6 
4 48.3a 43.7a 47.0a 47.0a 46.5 
6 47.6a 39.6b 36.9b 37.7b 40.5 
Mean 39.1 35.2 36.4 36.1  
CV(%) 4.5 4.5 4.5 4.5  
LSD 0.05 3.1 3.1 3.1 3.1  
*Means with the same letter in a column are not significantly different (P<0.05) 
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Foliar Zn fertilizer significantly (P<0.05) increased seed Zn concentration (Table 93). Mean seed zinc 
concentrations increased at higher rates of foliar Zn fertilizer application up to 100L Zn ha-1 rate at the 
four sites. However, further application of Zn at 150L Zn ha-1 rate led to a decline in seed Zn 
concentration in all the sites over the two seasons. Highest mean seed Zn concentration levels were 
obtained from beans grown in Kabete Field 10, followed by Kakamega, Thika, and then Kabete Field 16. 
Higher seed Zn levels in beans grown in Kabete soils may have been influenced by higher Zn levels in 
these soils, compared to beans grown in Thika. In addition, conditions in Kabete Field 10 may have 
enhanced mobilization of foliage applied Zn from vegetative tissues into seeds. Mobilization of nutrients 
from vegetative tissues into grains has been found to be a significant source of micronutrients, but little is 
known about mechanisms governing such mobilization (Pearson and Rengel, 1994).  
 
Table 93.  Effect of foliar zinc level on seed zinc concentration in bean lines grown in four 
 environments in Kenya. 
 
Foliar zinc 
level 
(L ha-1) 
Kabete Field 16 
(mg kg-1) 
Thika 
(mg kg-1) 
 
Kabete Field 10 
(mg kg-1) 
Kakamega 
(mg kg-1) 
 
Mean 
(mg kg-1) 
0 23.0d 21.8c 24.6c 23.0d 23.1 
50 30.1c 37.4b 59.0b 55.9b 45.6 
100 41.0a 42.6a 65.4a 61.1a 52.5 
150 34.9b 37.0b 59.2b 52.7c 46.0 
Mean 32.3 34.7 52.1 48.2  
CV(%) 4.5 4.5 4.5 4.5  
LSD 0.05 3.1 3.1 3.1 3.1  
* Means with the same letter in a column are not significantly different (P<0.05) 
 
 
Contributors:  P. Kimani, B. Okonda, J.K. Keter and S. Beebe 
 
Collaborators:   KARI-Thika and KARI-Kakamega and Bean team at Kabete  
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2.4.9    Nutritional evaluation of fast track bean lines: cooking time, mineral and protein retention  
 
Rationale: Breeding programs have recently focused on developing new bean varieties rich in 
micronutrients as part of the strategy to alleviate widespread micronutrient malnutrition in east, central 
and southern Africa (CIAT, 2005; 2006). New micronutrient dense varieties have been identified. 
However, consumer acceptability of the new varieties depends on not only their agronomic potential, but 
also their cooking characteristics and organoleptic qualities. Moreover, their nutritional value partly 
depends on the retention of the target nutrients after cooking. Little is known about these attributes in the 
recently developed micronutrient dense bean lines. Processing and preparation of legume grains before 
consumption may influence the food nutrient content and nutrient form, thus in turn modulate mineral 
bioavailability (Frohlich, 1995).  Although cooking and processing of legumes have evolved with the 
modern kitchen facilities for much of the world’s urban populations, traditional methods are still widely 
used in many parts of Africa.  However, methods of preparation vary depending upon culture and taste 
preference (Mamiro et al, 2006).  Some of the most common methods for processing legumes include 
soaking for different periods, dehulling of soaked seeds, cooking (ordinary or pressure), germination, 
microwave and extrusion cooking.   Dehulling and soaking are common treatments prior to cooking grain 
legumes that involve the softening and removal of the tough seed-coat of the legume and so reducing 
cooking time considerably.  Dehulled common beans need only 64 to 75% of the cooking time for the 
whole bean (FAO, 1978), while soaking alone can reduce cooking time by 50% (Ene-obong & Obizoba 
1996).  Our objectives were to determine the effects of soaking on cooking time and retention of iron, 
zinc and protein in grain of fast track micronutrient dense bean lines. 
 
Materials and Methods: Thirty-eight fast track bean lines were evaluated for cooking time and mineral 
retention in experiments conducted at the Department of Food Science and Nutrition, University of 
Nairobi. Beans were grown at Kabete Field Station in slightly acid nitisols (pH 6.2). A sample from each 
variety was divided into two: one portion was soaked in distilled water for 24 hours prior to cooking; the 
other portion was not soaked. Matson cooker was used to determine cooking time. Prior to cooking, the 
beans were washed three times in distilled water. Twenty-five seeds from each variety were used in this 
experiment. The size of the beans chosen was closely approximated to the bean slot size of the Matson 
cooker. Seeds were then arranged in the slots and held in place by placing the tip of the plunger to sit on 
top of each bean (Jackson and Marston, 1981). The cooker was then partially immersed in a 2.5L 
aluminium pan of water and the beans cooked on a gas burner.  The gas flow rate and burner position 
were fixed throughout the experiment to give a steady and constant blue thermal flame. Beans remained 
under boiling water throughout the cooking process. Boiling tap water was used to top up whenever 
additional water was required.  Cooking time was recorded as the time taken from the initiation of 
cooking until 20 of the 25 pins of the instrument had dropped and penetrated through 80% of the beans 
(Nin Wang, 2004).The volume of cooking water was established in preliminary trials to be that amount 
that would leave about 10 ml of bean soup at the end of the cooking period.  This volume ranged from 
800 to 1200 ml for dry beans and 500 to 600 ml for the soaked beans.  To avoid temperature fluctuations 
and disruption of the cooking process, any additional water to the cooking vessel was maintained at 
boiling point (94oC). 
 
Iron and zinc were determined using method 975.03 (Atomic Absorption Method) (AOAC, 2000) with 
time and temperature modifications as described by Zarcinas et al (1987).   Samples were dried and 
ground before mineral determination. Cleaned dry beans were pounded in a clean and dry ceramic motor 
and pestle to facilitate subsequent grinding in a mixer mill. The partially ground samples were dried in an 
air oven at 85o C for one hour to make the particles more brittle and flaky.  Each sample was finally 
ground through a mixer mill (Retsch, type MM 200, Germany) using Teflon grinding jar and zirconium 
grinding balls, at a frequency of 25/s for 10 minutes. This iron-free mill was used to reduce contamination 
associated with the conventional stainless steel mills. Protein was determined using semi-micro Kjeldahl 
method (AOAC, 2000). Each trial had two replicates. Data obtained for cooking time, iron, zinc and 
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protein concentration were subjected to analysis of variance (ANOVA) using Genstat Statistical package 
version 8.   
 
Results and Discussion:  
 
Cooking time   
 
Results showed that there were highly significant differences (P<0.001) in cooking time among varieties 
and treatments. A significant treatment x variety interaction effect was detected (Table 94). Among the 
genotypes, cooking time for un-soaked beans ranged from 106.5 minutes for Kirundo to 220 minutes for 
AND 620. Ngwira et al (2001) reported a cooking time range of 88.4 to 209 min in freshly harvested 
beans cooked in borehole water and a range of 61 to 132 min of the same varieties cooked in treated tap 
water. Soaking significantly (P< 0.001) influenced cooking time. Cooking time for soaked beans were 
significantly lower than un-soaked bean samples. On average, soaking reduced cooking time by 33 %. 
Reduction in cooking time varied from 0 to 58.6% for AND 620. Awash Melka had the shortest cooking 
time when soaked, while GLP 92 had the longest cooking time. Previous studies have shown that cooking 
time varies with the type of water used (Ngwira and Mwangwela, 2001).  Use of deionized water results 
in faster cooking time because it is free of monovalent and divalent ions.  Divalent cations such as 
calcium found in hard water get bound by pectic substances in middle lamellae of the bean cotyledon, 
forming calcium pectate.  Calcium pectate is insoluble and resists cell separation during cooking.  
Therefore, beans that are cooked in water containing high divalent cations have longer cooking time. The 
water used in these trials was a mixture from two sources. Treated tap water and borehole water. It had a 
pH 7.62 and total hardness of 0.0728 g/L CaCO3. The control sample of distilled water had a total 
hardness of 0.0016 g/L CaCO3, while treated tap water had a total hardness of 0.0304 mg/L CaCO3.  The 
borehole water is not subjected to any further chemical treatment other than chlorination.   It is therefore 
most likely that this water contained hardness producing metallic cations such as calcium and magnesium. 
This explains the relatively long cooking times recorded. 
 
Mineral retention  
 
Results showed that there were highly significant differences in seed iron, zinc and protein concentration 
among the fast track lines. Iron concentration in raw beans varied from 70.0 mg kg-1 in Ranjonomby to 
101 mg kg-1 in AND 620, 106.9 in MLB 49 89A and 107.1 mg kg-1 in Jesca, with a mean value of 87.1 
mg kg-1 (Table 95). Cooking reduced iron concentration in the bean samples. Iron concentration in cooked 
seeds ranged from 61.7 mg kg-1 in Ranjonomby to 97.1 mg kg-1 in Jesca. Soaking further reduced the iron 
concentration in the samples. The range in Fe concentration among genotypes narrowed further (51.8 mg 
kg-1 in LIB-1 up to 86.8 mg kg-1 in Roba 1) for samples that were soaked and cooked.  Amount of iron 
retained after cooking varied from 71.4 % in VNB 81010 to 99.6 % in Ituri Matata (Table 95).  On 
average genotypes retained 87 % of the grain Fe after cooking. These values are within the published 
range. Augustin et al. (1981) reported Fe retention values of 94.5 to 103.2% for nine market classes of dry 
beans.  Loss of iron after soaking and /or cooking is due to leaching of the nutrient into the soaking and 
cooking water.  
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Table 94.      Cooking time of fast track bean lines. 
 
Genotype Time (Minutes) % cooking time 
reduction due to 
soaking  Soaked Unsoaked 
AFR 708 93.5 165.0 43.3 
AND 620 91.0 220.0 58.6 
Awash Melka 75.0 111.5 32.7 
G59/1-2 107.5 155.0 30.7 
GLP-2 92.5 161.0 42.6 
GLP-92 132.5 163.5 18.9 
Gofta 112.5 209.5 46.3 
HRS 545 120.0 160.5 25.2 
Ituri Matata 93.0 131.5 29.3 
Jesca 112.5 161.0 30.1 
K131 122.5 169.0 27.5 
K132 82.5 141.0 41.5 
Kiangara 80.0 125.0 36.0 
Kirundo 87.5 106.5 17.8 
LIB-1 80.0 147.5 45.8 
Lingot Blanc 92.0 107.5 14.4 
Maharagi Soja 123.0 162.5 24.3 
Maasai Red 117.5 170.0 30.9 
MCM 2001 102.0 155.0 34.2 
Mexican 142 92.5 156.0 40.7 
MLB-49-89A 90.0 175.0 48.6 
Mwa Mafutala 77.5 140.0 44.5 
Nain de Kyando 110.0 110.0 0 
Nakaja 110.0 150.0 26.7 
Nguaku Nguaku 112.5 132.5 15.1 
PVA 8 107.1 157.5 32.0 
Ranjonomby 87.5 120.0 27.1 
Red Wolaita 117.0 175.0 33.1 
Roba-1 145.0 150.0 3.3 
RWR 10 115.0 139.5 17.6 
Selian 97 105.0 127.5 17.7 
Simama 90.0 152.5 40.9 
Soya Fupi 102.5 197.5 48.1 
TY3396-12 122.5 158.5 22.7 
VCB 81013 110.0 190.0 42.1 
VNB 81010 116.0 170.0 31.8 
Zebra 85.0 147.5 36.8 
LSD (0.05)* 7.7   
CV (%) 4.2   
 
* LSD for comparisons between varieties; LSD for comparing treatment means is1.8 
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Table 95.  Iron concentration in raw, cooked, soaked and cooked common bean genotypes and their 
 retention values. 
 
Genotype 
Fe, mg kg-1 
 
% Fe retention 
Raw Cooked 
Soaked and 
cooked Cooked 
Soaked and 
cooked 
AFR 708 78.1 72.5 67.3 92.8 86.2 
AND 620 101.5 79.6 72.3 78.4 71.2 
Awash Melka 80.8 66.6 71.1 82.4 88.0 
G59/1-2 94.8 79.5 68.9 83.9 72.7 
GLP-2 92.3 82.1 70.6 88.9 76.5 
GLP-92 79.1 69.4 64.6 87.7 81.7 
Gofta 81.9 76.3 71.2 93.2 86.9 
HRS 545 78.4 73.0 67.0 93.1 85.5 
Ituri Matata 71.3 70.9 67.3 99.6 94.5 
Jesca 107.1 97.1 68.6 90.7 64.0 
K131 76.7 66.9 65.6 87.2 85.5 
K132 94.1 71.8 70.6 76.3 75.0 
Kiangara 77.0 69.7 68.8 90.5 89.3 
Kirundo 84.9 66.6 67.8 78.4 79.8 
LIB-1 74.5 67.4 51.8 90.4 69.4 
Lingot Blanc 83.6 76.8 74.6 91.8 89.2 
Maharagi Soja 90.1 70.0 61.2 77.7 67.9 
Maasai Red 82.9 78.3 64.8 94.4 78.1 
MCM 2001 80.7 79.3 70.3 98.3 87.1 
Mexican 142 84.5 74.0 75.2 87.6 88.9 
MLB-49-89A 106.9 92.6 65.6 86.6 61.4 
Mwa Mafutala 105.9 83.9 76.4 79.2 72.1 
Nain de Kyondo 102.2 86.0 76.4 84.1 74.7 
Nakaja 83.7 74.8 59.5 89.4 71.0 
Nguaku Nguaku 76.3 68.0 69.2 89.2 90.7 
PVA 8 87.7 67.8 67.3 77.3 76.8 
Ranjonomby 70.0 61.9 57.3 88.4 81.8 
Red Wolaita 74.1 71.9 68.2 97.0 92.0 
Roba-1 93.6 84.0 86.8 89.8 92.8 
RWR 10 81.1 74.5 66.8 91.8 82.3 
Selian 97 80.8 77.8 69.3 96.3 85.8 
Simama 90.6 84.5 67.4 93.3 74.4 
Soya Fupi 96.6 87.0 60.6 90.1 62.7 
TY3396-12 104.5 75.2 61.7 71.9 59.1 
VCB 81013 102.6 74.5 62.9 72.6 61.3 
VNB 81010 97.2 69.4 70.6 71.4 72.6 
Zebra 73.4 64.1 60.4 87.3 82.2 
Mean 75.3 87.1 67.7 87.0 78.7 
LSD (05) 2.8 2.8 2.8   
CV (%) 3.2     
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Results indicated that there were highly significant (P<0.001) differences in zinc concentration among the 
bean genotypes (Table 96).  Treatment effects were highly significant (P<0.001). A significant genotype x 
treatment interaction was detected. This implied that effects of soaking and cooking differed with 
genotypes. Zinc concentration in raw bean samples varied from 26.9 mg kg-1 in Soya Fupi a Tanzanian 
purple variety, to 43.9 mg kg-1 in AND 620, a red mottled CIAT line. Other lines with high zinc 
concentration included VNB 81010 (43.3 mg kg-1), Nain de Kyondo (41 mg kg-1) and Nakaja (41 mg kg-
1). These lines were been previously reported as zinc dense suggesting that this trait may be relatively 
stable across environments. Zinc concentration in cooked beans varied from 23.3 mg kg-1 in Soya Fupi to 
38.2 mg kg-1 in Mexican 142, a small white navy canning bean grown in Ethiopia, Kenya and Tanzania.  
The levels were slightly lower in soaked and cooked samples, which varied between 20.1 mg kg-1 in Soya 
Fupi to 37.1 mg kg-1 in Maasai Red.  Zinc retention varied with genotypes. Results indicated that cooking 
significantly (P<0.001) reduced zinc concentration in beans. The retention values ranged from 69.0 to 
97.3% in cooked samples with a mean of 87.0%. The soaked and cooked samples had a lower retention 
values ranging between 59.3% and 92.2% with a mean of 72.6%.  The nutrient reduction in cooked and 
soaked beans was attributed to leaching into soaking and cooking water. Augustin et al. (1981) reported 
zinc retention values of 77 to 105% (dry weight basis) for nine bean classes. However, soaking has been 
shown to be beneficial in lowering anti-nutritional factors in beans. Conventional soaking followed by 
cooking was found to reduce phytate in dry beans. It was more effective in reduction of phytate compared 
to salt soaked and cooked beans (Iyer et.al, 1980). Phenolic acids are also significantly reduced. During 
soaking, beans undergo significant decrease in flatulence causing sugars (stachyose, raffinose and 
verbuscose) (van Loggerenberg, 2004). 
 
Protein concentration and retention 
 
The crude protein content of raw, cooked and soaked and cooked bean genotypes are shown in Table 97. 
Analyses of variance showed that there were highly significant effects (P<0.001) due to genotypes and 
treatments on grain protein concentration.  A significant genotype x treatment interaction was detected. 
The results indicated the existence of genetic variability for protein content in seeds from fast track lines. 
The protein concentration in raw beans varied from 20.4% in PVA 8 to 28.4% in Lib 1 with a mean value 
of 23.1%. These values are within the published range. For example, Bourne (1989) reported a range of 
18 to 29 % with a mean of 23.6 %. 
 
Cooking and soaking reduced the protein concentration in bean samples (Table 97). Protein concentration 
in cooked samples varied from 17.3% in PVA 8 to 27.0 % in Selian 97 with a mean value of 23.1 %.  
Protein concentration in soaked and cooked samples varied from 15.9 to 26.7 5% with a mean of 22.5%. 
Results showed that varieties with high protein concentration of raw beans did not remain so after soaking 
and cooking. For example among the cooked beans, Selian 97 showed the highest protein levels, while 
Lib 1 had the highest concentration among the raw samples. This was attributed to differences in retention 
of nutrients during soaking and cooking. Table 97 shows that protein retention in cooked beans varied 
from 78.1% in AFR 708 to 98% in GLP 2.  The effect of soaking and cooking varied with genotypes. 
Soaking of beans for a period of 16-24 h has been reported to result in significant protein loss. Wassimi et 
al (1988) reported losses of up to 1.8 %. However Candela et al. (1997) observed a significant increase in 
the protein content with cooking in kidney beans. The increase in protein content was attributed to loss of 
carbohydrates in soaking and cooking liquids. 
 
Contributors:   P. Kimani, J. Lunjalu, A.M. Mwangi and J.K. Sehmi (University of Nairobi) 
 
Collaborators:  M. Blair (CIAT)  and Kabete Bean Team 
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Table 96.  Zinc concentration in raw, cooked, soaked and cooked common bean genotypes and their 
 retention values. 
 
Genotype 
Zn, mg kg-1 
 
% Zn retention 
Raw Cooked 
Soaked and 
cooked Cooked 
Soaked and 
cooked 
AFR 708 35.7 30.2 28.5 84.6 80.0 
AND 620 43.9 30.3 27.7 69.0 63.0 
Awash Melka 33.8 31.2 24.7 92.3 73.0 
G59/1-2 30.9 27.9 21.5 90.5 69.8 
GLP-2 36.0 33.5 27.0 93.0 74.9 
GLP-92 39.2 32.4 24.0 82.7 61.2 
Gofta 36.3 34.4 28.3 94.8 78.0 
HRS 545 37.5 32.3 27.9 86.2 74.5 
Ituri Matata 37.9 33.2 29.6 87.7 78.1 
Jesca 33.7 29.2 21.1 86.6 62.4 
K131 34.9 30.9 25.1 88.3 71.9 
K132 37.3 31.9 29.4 85.6 78.9 
Kiangara 29.7 27.5 25.2 92.5 84.9 
Kirundo 33.7 30.4 30.4 90.0 90.2 
LIB-1 31.7 29.1 22.9 91.9 72.2 
Lingot Blanc 37.2 33.3 24.9 89.6 67.1 
Maharagi Soja 34.2 30.4 27.2 88.8 79.3 
Maasai Red 40.3 31.8 37.1 79.1 92.2 
MCM 2001 41.0 36.6 27.3 89.3 66.7 
Mexican 142 39.2 38.2 27.9 97.3 71.1 
MLB-49-89A 31.2 25.5 24.8 81.7 79.5 
Mwa Mafutala 34.2 31.2 24.8 91.1 72.4 
Nain de Kyondo 41.2 33.1 25.5 80.2 61.9 
Nakaja 41.0 35.7 24.9 87.0 60.8 
Nguaku Nguaku 28.8 26.5 22.9 92.0 79.3 
PVA 8 31.4 30.2 23.2 96.2 74.0 
Ranjonomby 34.9 32.6 23.0 93.6 66.0 
Red Wolaita 37.2 29.7 26.5 79.7 71.1 
Roba-1 37.0 31.0 26.4 84.0 71.3 
RWR 10 38.2 34.4 26.5 90.0 69.5 
Selian 97 37.5 35.4 29.5 94.5 78.6 
Simama 37.6 31.3 28.5 83.1 75.8 
Soya Fupi 27.0 23.3 20.1 86.4 74.5 
TY3396-12 33.3 27.6 22.6 82.7 68.0 
VCB 81013 34.4 26.7 20.4 77.8 59.3 
VNB 81010 43.4 34.8 29.3 80.3 67.5 
Zebra 37.1 29.1 24.9 78.5 66.9 
Mean 31.2 35.9 26.0 87.0 72.6 
LSD (05) 1.6     
CV (%) 4.4     
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Table 97.   Protein concentration in raw, cooked, soaked and cooked genotypes of common bean and 
 their retention values. 
 
Genotype 
% Protein 
 
% Protein  retention 
Raw Cooked 
Soaked and 
cooked Cooked 
Soaked and 
cooked 
AFR 708 28.3 22.1 22.8 78.1 80.8 
AND 620 22.9 22.3 21.4 97.3 93.5 
Awash Melka 26.4 21.9 23.6 83.1 89.5 
G59/1-2 28.0 23.7 23.5 84.8 84.1 
GLP-2 26.6 26.1 24.1 98.0 90.7 
GLP-92 25.1 21.8 21.6 87.1 86.3 
Gofta 26.0 24.1 23.4 92.8 89.8 
HRS 545 26.6 23.4 22.5 87.9 84.5 
Ituri Matata 24.7 22.7 22.2 92.0 90.1 
Jesca 24.5 22.0 21.2 90.1 86.7 
K131 26.5 23.4 22.8 88.0 86.1 
K132 26.4 23.6 23.8 89.3 90.1 
Kiangara 25.8 22.3 21.6 86.5 83.7 
Kirundo 25.1 22.5 22.4 89.5 89.4 
LIB-1 28.4 25.5 23.7 90.0 83.6 
Lingot Blanc 27.1 24.7 24.2 91.3 89.4 
Maharagi Soja 25.8 22.5 22.5 87.2 87.4 
Maasai Red 27.8 25.4 26.7 91.4 96.0 
MCM 2001 27.1 23.5 22.6 86.7 83.6 
Mexican 142 27.8 25.6 24.1 91.9 86.6 
MLB-49-89A 26.1 23.4 22.6 89.7 86.8 
Mwa Mafutala 25.9 23.1 23.6 89.3 91.0 
Nain de Kyondo 24.3 21.8 20.8 89.7 85.5 
Nakaja 25.8 24.4 24.4 94.3 94.6 
Nguaku Nguaku 25.4 22.1 20.7 87.0 81.7 
PVA 8 20.4 17.3 16.9 85.0 82.9 
Ranjonomby 24.3 22.2 21.4 91.6 88.3 
Red Wolaita 26.2 24.0 24.0 91.3 91.5 
Roba-1 26.6 24.0 24.7 90.3 92.8 
RWR 10 27.3 23.3 22.7 85.4 83.1 
Selian 97 28.0 27.0 26.3 96.3 94.0 
Simama 25.7 23.3 15.9 90.6 61.8 
Soya Fupi 26.6 23.2 23.0 87.0 86.2 
TY3396-12 24.1 20.5 19.3 85.2 80.2 
VCB 81013 24.6 21.1 23.4 86.0 95.1 
VNB 81010 27.3 22.7 22.7 83.2 83.3 
Zebra 24.3 21.7 20.5 89.3 84.3 
Mean 25.9 23.1 22.5 89.0 86.9 
LSD (05) 0.4     
CV (%) 1.5     
 
 174 
References: 
 
AOAC. 2000. Official Methods of Analysis of the Association of Official Analytical Chemists 17th 
Edition: Gaithersburg, Maryland, USA. 
 
Augustine, J., C.B. Beck, G. Kalbfleish, L.C. Kagel and R.H. Matthews.1981.  Variation in vitamin and 
mineral content of raw and cooked commercial (Phaseolus vulgaris L) classes.  J. Food Sci. 46: 1701 
– 1706. 
 
Bourne, G.H. 1989.  Composition and Nutritive Value of Beans.   Nutritive Value of cereal products, 
beans and starches.  World Rev. Nutr. Diet.  Basel Karger. 60. 132 – 198. 
 
Candela, M., I. Astiasaran and J.Bello. 1997. Cooking and warm – holding effect on general composition 
and amino acids of kidney beans ( Phaseolus vulgaris L), chick peas (Cicer arietinum) and lentils 
(Lens culinaris). Agric. Food Chem. 45: 4763-4767. 
 
CIAT. 2005. Bean Improvement for the Tropics. Annual Report I-P1. CIAT, Cali, Colombia 
 
CIAT. 2006. Bean Improvement for the Tropics. Annual Report I-P1. CIAT, Cali, Colombia. 
 
FAO .1978. Report on the FAO expert consultation on grain legume processing, held at Mysore, India, 
14-18 Nov.1977, FAO, Rome.  
 
Frolich W.1995. Bioavailability of micronutrient in a fibre rich diet, especially related to mineral. 
European Journal of Clinical Nutrition 49: 116-122.  
 
Jackson, G.M. and V.E. Marston. 1981. Hard to cook phenomenon in beans. Effect of accelerated storage 
on water absorption and cooking time. J. Food Sci. 46: 799-803. 
    
Iyer, V., D.k. Salukhe, S.K. Sathe and L.B. Rockland. 1980. Quick cooking beans (Phaseolus vulgaris). 
II. Phytates, oligosaccharides and anti enzymes. Qalitas Plantarum – Plant foods for Human Nutr. 
30: 45-52 
 
Mamiro, P., P.M. Kimani, A. Mnkeni, B. Chove and M. Pyndji. 2006. Iron, zinc and calcium content in 
traditional bean dishes consumed in Tanzania. Biofortification Workshop, 3-6 March 2006, Mukono, 
Uganda. 
Ngwira, M. and Mwangwela. 2001.  Culinary characteristics of selected bean varieties in Malawi. 
Proceedings: Bean seed workshop. Bean/cowpea collaborative research support programme of East 
Africa. Arusha, Tanzania January 12-14th 2001. 
 
Nin Wang. 2004. Determination of cooking time using automated Mattson cooker apparatus. J. Sci. Foods 
and Agric. 85 (10): 1631-1635.  
 
Van Loggerenberg, M. 2004. Development and application of a small-scale canning procedure for the 
evaluation of small white beans (P. Vulgaris). PhD Thesis. University of the Free State, South 
Africa. 
 
Zarcinas, B.A., B. Cartwright, and L.R. Spoucer. 1987. Nitric acid digestion and multi-elemental analysis 
of plant material by inductively coupled plasma spectrometry. Communications in Soil Science and 
Plant analysis. 18 : 131-146.  
 
 175 
2.4.10   Field evaluation of micronutrient dense bean lines to diseases in eastern Africa 
 
Rationale: Micronutrient dense bean varieties are likely to have greater impact on human health, 
nutrition and incomes if they combine nutritional quality with productivity and marketable grain 
characteristics.  Productivity of common bean in eastern Africa and other bean producing areas of the 
world is constrained by diseases. Major diseases include angular leaf spot, anthracnose, common bacterial 
blight, root rots, bean common mosaic, rust and Fusarium wilt (Wortmann et al., 1998). A regional 
program to develop bean lines with high iron, zinc and protein concentration was started in 2003. More 
than 1,400 lines have been screened for mineral density. Thirty-eight promising lines were selected. 
These lines were further evaluated for their agronomic potential and mineral stability and farmer 
preferences in more than 15 countries in east, central and southern Africa. However, limited work was 
conducted to evaluate their reaction to major diseases prevalent in the region. This information is required 
to facilitate release and production of candidate varieties, and to develop appropriate management 
practices to enhance their productivity. In addition, such information is essential in designing breeding 
programs for the second generation of micronutrient dense bean varieties.  In this report, we highlight 
results of field evaluation of the fast track for reaction to diseases. 
 
Materials and Methods: Thirty-eight fast track lines were evaluated for their reaction to diseases in trials 
sown in disease hot spot at Laikipia and Kabete for four seasons (2005, 2006 and 2007). The Laikipia trial 
site is located at Laikipia Campus of Egerton University which lies at 0o 03’S and 36o E at an altitude of 
2490 masl. Laikipia has a long cropping season which starts from March to November with rainfall peaks 
in March-May, June-July and an intermediate rainy period between October to November.  Average 
annual rainfall is 1022 mm. Soils at the trial site are of moderate to low fertility. The second trial site was 
in Field 10,  Kabete Field Station at an altitude of 1794 masl and lies 01o 14’S and 36o 44’E. Soils are of 
moderate fertility. The trials were laid out randomized complete block design with two replicates. Each 
entry was sown on two, 5 m row plots. Normal agronomic practices were carried out. Disease scoring was 
conducted at flowering and mid-pod filling following the standard evaluation system (Schoonhoven and 
Pastor Corrales, 1987).  Scoring was done for diseases that were more prevalent and severe in the field 
each season. Additional data was collected on phenology and grain yield.  
 
Results and Discussion: Disease incidence and severity were most intense at Laikipia probably due to 
favourable conditions for disease development throughout the cropping season. Diseases prevalent at 
Laikipia included common bacterial blight (CBB), anthracnose, ascochyta blight, bean common mosaic 
virus (BCMV), rust, root rot and fusarium wilt. However incidence and severity varied with seasons 
(Table 98 and 99). During the 2005 long rain season, the prevalent diseases included CBB, BCMV, 
anthracnose and bean rust. In addition to diseases, the crop was also affected by frost (Table 98). Disease 
incidence and severity was moderate.  Most of the lines were rated moderately resistant to the diseases. 
MCM 2001, Selian 97, RWR 10, PVA 8, MLB 49 89A, K132, Jesca, Soya Fupi, Kiangara, VCB 81013, 
Nguaku Nguaku and Nain de Kyondo were rated resistant or moderately resistant ( score of 1-5) to CBB, 
BCMV, anthracnose and rust. Seventeen lines were resistant to at least two diseases but only Kiangara 
was resistant to the four diseases. 
 
During the long rain season of 2006 (2006A) there was an increase in incidence and severity of CBB, 
BCMV, anthracnose and root rots compared to 2005 (Tables 98 and 99). This was attributed to prevailing 
wet conditions and inoculum build up. However bean rust was less severe. None of the lines showed high 
levels of resistance to all diseases.  However, Soya Fupi, Ituri Matata, K132, Nguaku Nguaku, Awash 
Melka and RWR 10 were rated resistant or moderately resistant  to CBB, BCMV, anthracnose and root 
rot. Selian 97, Jesca, TY 3396-12, Ranjonoby, VCB 81013 and LIB 1 were resistant to at least two 
diseases. Most of the lines were rated resistant to root rots. 
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Table 98. Field evaluation of micronutrient dense lines to infection by common bacterial blight (CBB), 
 anthracnose and bean common mosaic virus (BCMV) at Lakipia, Kenya 2005-2007. 
 
Line Common bacterial blight Anthracnose BCMV 
 2005 2006A 2006B 2007 2005 2006A 2006B 2007 2005 2006A 2006B 2007 
Ayenew 5 7 4 4 5 5 6 8 5 7 4 8 
Soya Fupi 3 5 - 3 5 7 - 8 5 5 - 6 
Lingot 
Blanc 
5 7 3 2 3 7 5 9 3 5 5 5 
Ituri Matata 5 - 5 3 3 - 8 7 3 - 7 3 
Simama - 7 6 2 - 7 5 8 - 3 5 3 
Maasai Red 5 5 5 4 3 7 7 6 7 9 6 8 
Jesca 1 3 5 2 3 7 6 9 3 3 4 5 
Selian 97 5 5 5 1 3 7 7 9 3 3 3 6 
M’Mafutala 3 5 5 2 3 5 6 7 7 7 5 8 
MLB 49 
89A 
5 5 5 4 5 9 7 6 5 5 7 8 
Kirundo 5 5 5 2 1 3 7 7 7 7 5 6 
Mex 142 1 5 6 2 5 7 6 5 7 9 5 6 
Red Wolaita 3 - 5 3 3 - 7 6 9 - 5 9 
K132 3 5 6 2 3 5 7 8 5 3 4 5 
Nguaku 
Nguaku 
5 5 5 3 3 5 5 8 3 3 5 4 
Ranjonoby - 7 5 3 - 7 7 9 - 3 4 4 
K131 7 7 - 3 5 7 - 5 9 3 - 5 
MCM 2001 3 - - 2 3 - - 8 5 - - 5 
G5686 5 - -  3 - - - 3 -  - 
Nakaja 3 5 5  5 7 7 - 9 7 5 - 
RWR 10 3 5 4 2 3 3 6 5 5 3 3 5 
PVA 8 5 5 -  3  - - 3  - - 
Maharagi 
Soja 
7 5 5 - 9 7 9 - 5 7 6 - 
Kiang’ara 3 5 5 - 3 7 8 - 3 7 5 - 
VCB 81013 1 5 5 - 1 3 7 - 5 7 5 - 
G59/1-2 5 - 7 - 5 - 8 - 9 - 6 - 
Lib 1 5 3 4 - 5 7 7 - 7 9 5 - 
Zebra 7 5 5 - 5 7 8 - 5 5 4 - 
TY 3396-12 - 5 4 - - 7 7 - - 3 3 - 
AND 620 - 5 5 - - 7 7 - - 3 4 - 
Gofta - 7 4 - - 9 5  - 7 8 - 
Awash 
Melka 
- 5 5 - - 3 6 - - 3 4 - 
Roba-1 - 7 5 3 - 9 7 6 - 3 5 4 
HRS 545 - - 3    6 - - - 7 - 
AFR 708 - - 5 -   7  - - 5 - 
Nain de 
Kyondo 
3 -  - 3 - - - 5 - - - 
VNB 81010 - - 5 -   5 -   5 - 
GLP 2 7 7 7 - 5 9 7 - 5 7 5 - 
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Table 99.  Field evaluation of micronutrient dense lines to infection by rust, root rots, ascochyta and 
 fusarium wilt at Lakipia, Kenya 2005-2007. 
 
Line Rust Root rots Ascochyta Fusarium wilt 
2005 2006B 2007 2006A 2006B 2006B 2007 2006B 
Ayenew 9 3 5 3 3 5 6 3 
Soya Fupi 5  3 5 - - 6 - 
Lingot Blanc 7 3 1 3 2 5 8 1 
Ituri Matata 7 3 1 5 3 5 6 3 
Simama - 3 1 5 4 5 7 4 
Maasai Red 5 3 5 3 4 3 5 4 
Jesca 5 3 2 3 3 5 7 3 
Selian 97 3 3 1 3 3 5 6 2 
M’mafutala 5 4 1 3 3 5 7 2 
MLB 49 89A 3 3 3 3 3 3 6 2 
Kirundo 5 3 1 1 3 7 6 1 
Mex 142 3 5 3 3 4 5 5 3 
Red Wolaita 5 5 4 - 4 3 5 4 
K132 3 3 4 3 6 5 5 3 
Nguaku Nguaku 3 3 5 3 4 5 6 3 
Ranjonoby - 3 1 3 3 5 8 3 
K131 3  5 5  - 7 - 
MCM 2001 3  5 -  - 7 - 
G5686 5   -  - - - 
Nakaja 3 5  1 4 3 - 5 
RWR 10 5 3 1 3 3 5 5 5 
Maharagi Soja 5 5 - 1 4 3 - 2 
PVA 8 3 - - - - - - - 
Kiang’ara 3 3 - 1 3 5 - 2 
VCB 81013 3 6 - 3 2 5 - 4 
G59/1-2 7 3 - - 4 5 - 3 
Lib 1 5 3 - 3 4 3 - 3 
Zebra 3 3 - 3 3 5 - 4 
TY 3396-12 - 5 - 3 3 7 - 3 
AND 620 - 5 - 5 4 5 - 3 
Gofta - 3 - 5 2 7 - 3 
Awash Melka - 3 - 3 3 5 - 3 
Roba-1 - 3 3 3 4 5 5 4 
HRS 545 - 6 -  4 6 - 3 
AFR 708 - 3 -  4 5 - 4 
VNB 81010 - 3 -  3 3 - 1 
Nain de Kyondo 3 - - - - - - - 
GLP 2 7 5 - 5 5 7 - 5 
 
During 2006B, CBB, anthracnose, BCMV and ascochyta blight were less severe compared to 2006A due 
to the relatively dry conditions during this season. However, more diseases affected. Rust, root rot and 
fusarium wilt were less severe compared to other diseases but higher compared to the previous season. 
Lingot Blanc showed good to moderate levels of resistance to all diseases (scores of 1 to 5).  Ayenew, 
RWR 10, LIB 1, Jesca, Selian 97, TY 3396-12, MLB 49 89A, AND 620, Nguaku Nguaku, Ranjonoby, 
Awash Melka, Kirundo, Roba 1, Red Wolaita, M’Mafutala, AFR 708, Nakaja, VNB 81010 and Kiangara 
had high to moderate levels of resistance to all diseases except anthracnose.  Disease incidence and 
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severity increased considerably during the 2007 long rain season.  Effect of diseases was further 
aggravated by frost damage resulting in death of plants.  Incidence and severity of anthracnose and 
ascochyta was very high due to the prevailing wet and cool conditions which favoured disease 
development.  There was a slight decline in levels of CBB and rust compared to the previous season. 
Incidence and severity of fusarium wilt and root rots declined slightly, partly due to the damage of the 
crop anthracnose, ascochyta and frost, which interfered with diagnosis of other diseases.  Consequently 
none of the lines showed high levels of resistance to all diseases. Only RWR 10 showed high to moderate 
levels of resistance to CBB, anthracnose, BCMV, ascochyta and rust. Roba-1 was resistant to CBB and 
rust and moderately resistant to BCMV, anthracnose and ascochyta blight (Tables 98 and  99).  
 
These results provide useful information that can guide for production of these genotypes. In the short 
term, selected mineral dense can be deployed for production but some losses can be expected under 
severe disease pressure. Anthracnose, ascochyta blight and BCMV remain the most serious threat to 
production especially in high altitude locations. Fortunately good sources for resistance to anthracnose, 
BCMV and other diseases except ascochyta have been identified and can be used to improve resistance of 
these lines in the medium and long term. Runner bean lines grown in the same field showed excellent 
levels of resistance to all diseases (except for rust) and to frost.  They can provide a useful source of 
resistance to diseases and frost in future breeding activities. 
 
Contributors: P. Kimani and Isabel Wagara 
 
Collaborators: P. Mukishi, R. Buruchara and the Kabete Bean Team 
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Progress towards achieving output milestones:    
 
 
• More than 2849 germplasm accession were collected from 9 countries for mineral analyses 
surpassing a target of 2000 by December 2007 
• More than 15 lines combining mineral density and agronomic potential including tolerance to 
major diseases are tested regionally on-farm and on-station  
• More than 41 F2.6 large-seeded lines combining high Fe concentration (>100 ppm) with 
marketable grain types (mainly red mottled) and moderate resistance to diseases identified. 
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Output 3: Strategies developed for managing diseases and pests in bean-based cropping systems 
 
 
Activity 3.1  Characterizing and monitoring pathogen and insect diversity 
 
Highlights: 
 
• Most of the isolates of C. lindemuthianum in Colombia are Andean, and 88% overcome the Co-
11 resistance gene in Michelite, while the resistance genes in Kaboon (Co-12), Mexico 222 (Co-
3), To (Co-4), and G2333 (Co-42, Co-5, Co-7) remained effective. 
 
• The P. griseola population in Darién continues to be predominantly Andean, where as isolates 
from Popayán were all of the Mesoamerican sub-group. 
 
 
• Diffusion of technology activities within the DFID-funded project on Sustainable Management of 
Whiteflies was continued and expanded. 
 
 
3.1.1   Visual and written documentation of bean viruses 
 
Bean Virology is preparing a book on Viral Diseases of Common Bean, which provides visual and written 
information on all the viruses detected and identified by Bean Virology in the past 30 years. 
 
 
3.1.2 Virulence characterization of Colletotrichum lindemuthianum isolates collected from 
 different bean growing departments in Colombia 
 
 
Rationale: Anthracnose of common bean, caused by the hemibiotrophic fungus, Colletotrichum 
lindemuthianum continues to be one of the most important causes of low bean production in Colombia.  
Use of host resistance to manage anthracnose of common bean is the most economical and practical 
strategy especially for smallholder farmers, because it does not include any special treatment, other than 
what the farmers normally do to grow their crop, leaves no harmful residue in food or the environment, 
and is compatible with other control measures. However, the problem with this strategy is the highly 
variable nature of the causal agent, C. lindemuthainum (Tamayo et al., 19951; Santana y Mahuku, 20022
                                                 
1 Tamayo, P.J., Otoya, M.M., Pastor, M. 1995. Diversidad de razas de Colletotrichum lindemuthianum, el patógeno 
de la antracnosis del fríjol en rionegro, Antioquia. Fitopatología Colombiana 19(1):1-6 
).  
To take advantage of host resistance, a clear understanding of the population structure of the pathogen, 
how it is distributed in time and space and how it responds to agricultural changes is crucial. This 
understanding can provide the basis for assessing the effectiveness and quality of potential sources of 
resistance and for formulating disease support systems that lead to effective disease management. 
Therefore, monitoring the pathogen population in order to detect emerging pathogen races types is very 
crucial. This project is a continuation of our efforts to clearly understand the structure of C. 
lindemuthianum in Colombia and to contribute to breeding for, and the use of, host resistance to manage 
this devastating pathogen. 
2 Santana, G.E., Mahuku, G. 2002. Diversidad de razas de Colletotrichum lindemuthianum  en Antioquia y 
evaluación de germoplasma de fríjol crema-rojo por resistencia a antracnosis. Agronomía Mesoamericana 13 (2) 95-
113. 
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Materials and Methods:  Samples with typical anthracnose symptoms were collected from Boyacá, 
Santander, Cundinamarca, Cauca, and Darién–Valle. Single spore isolates were established using 
standard procedures (Mahuku et al., 20043). The virulence phenotype of these isolates was determined 
based on their differential interaction with a set of 12 international differential varieties (Schoonhoven 
and Pastor-Corrales, 19874). Plant establishment, growth, inoculation and evaluations were according to 
procedures reported by Mahuku et al. (2004)5
 
. 
Results and Discussion: A total of 66 monosporic isolates of C. lindemuthianum were established for the 
samples collected from different departments of Colombia (Table 100). These isolates were distributed 
into 21 races of which race 1, 3 and 7 were the most prevalent with a frequency of 21%, 15% and 11%, 
respectively (Table 100). These results show that the C. lindemuthianum population in Colombia is 
predominantly Andean and is composed of simple races. Most of the isolates (88%) overcame the Co-11 
resistance gene in Michelite, while the resistance genes in Kaboon (Co-12), Mexico 222 (Co-3), To (Co-
4), and G2333 (Co-42, Co-5, Co-7) remained effective against C. lindemuthianum races in Colombia 
(Table 101).  Table 102 shows the resistance genes that have been broken and are therefore not effective 
in managing C. lindemuthianum, and based on the isolates that are under study. It is possible that the 
resistance of G2333 is being conferred by the Co-42 resistance genes or the interaction of this gene with 
the Co-7 genes. These two genes have been found effective against all C. lindemuthianum isolates 
reported in Colombia to date. In addition, the wide spectrum of resistance found in G2333 attests to the 
importance and usefulness of pyramiding resistance genes into the same background. This also is the first 
time that the resistance genes in Widusa (Co-15) and AB 136 (Co-6) have been overcome in Colombia, 
showing that the pathogen is evolving. 
Conclusion:  The characterization of isolates that are able to overcome the resistance in Widusa, one of 
the resistance genes that have been effective so far, attests to the importance of pathogen characterization 
studies. This study revealed resistance genes that have remained effective and are therefore, good 
candidates for use in programs tasked with improving anthracnose resistance in common bean. Although 
molecular markers can be effective in aiding the transfer of effective resistance genes, they can not detect 
the emergence of new races capable of overcoming these resistance genes. A breeding program that is 
based solely on the use of molecular markers is likely to miss the emergence of new races, with 
detrimental effects. Classical pathology will always play an important role in our quest to improve the 
resistance of common bean to biotic stresses. 
 
 
                                                 
3 Mahuku, G.S. and Riascos, J. J. 2004. Virulence and molecular diversity within Colletotrichum lindemuthianum 
isolates from Andean and Mesoamerican bean varieties and regions. European Journal of Plant Pathology 110: 253-
263. 
4 Schoonhoven, A. van, and Pastor-Corrales, M. A.  1987.   Standard system for the evaluation of bean germplasm. 
Centro Internacional de Agricultura Tropical, Cali, Colombia. 
5Mahuku, G.S. and Riascos, J. J. 2004. Virulence and molecular diversity within Colletotrichum lindemuthianum 
isolates from Andean and Mesoamerican bean varieties and regions. European Journal of Plant Pathology 110: 253-
263. 
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Table 100. Characterization of Colletotrichum lindemuthianum isolates collected from different 
 departments of Colombia. 
 
Race Aa B C D E F G H I J K L Department 
0             Boyacá (2)*; Cauca (1) 
1 a            Valle(10); Antioquia (2); Boyacá (1); Cauca (1) 
3 a b           Antioquia; Cauca ,Valle (1); Sant (3) C/marca (4);  
4   c          Antioquia (1) 
5 a  c          Antioquia; Boyacá (1); Cundinamarca (2) 
7 a b c          Boyacá (2) ; Santander (2) Cundinamarca (3) 
8    d         Boyacá (1) 
9 a   d         Boyacá (1); Cundinamarca (1) 
11 a b  d         Cundinamarca (4) 
13 a  c d         Boyacá (1); Cundinamarca (2) 
15 a b c d         Cundinamarca (1) 
19 a b   e        Santander (1) 
131 a b      h     Cundinamarca (1); Santander (1) 
133 a  c     h     Cundinamarca (2) 
136    d    h     Cundinamarca (3) 
137 a   d    h     Cundinamarca (2) 
141 a  c d    h     Santander (2) 
515 a b        j   Cundinamarca (1) 
643 a b      h  j   Antioquia (1) 
649 a   d    h  j   Antioquia (1) 
1032    d       k  Santander (1) 
 
aDifferential cultivars: A = Michelite, B = Michigan dark red kidney; C = Perry Marrow; D = Cornell 49242; E = 
Widusa; F = Kaboon; G = Mexico 222; H = PI 207262; I = To; J = Tu; K = AB 136 and L = G 2333. 
 
Table 101. Effectiveness of anthracnose resistance genes in managing anthracnose of common bean in 
 Colombia. 
 
Diferential Variety Resistance gene Percentage of isolates a compatible interaction 
MICHELITE Co-11 88 
MRDK Co-1 41 
Perry Maroow Co-13 30 
Corbell 49242 Co-2 30 
Widusa Co-15 2 
Kaboon Co-12 0 
Mexico 222 Co-3 0 
PI 207262 Co-43; Co-9 20 
TO Co-4 0 
TU Co-5 5 
AB  136 Co-6 2 
G 2333 Co-42, Co-5, Co-7 0 
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Table 102.  Anthracnose resistance genes that are known to be effective in different departments of 
 Colombia. 
Differential 
variety Resistance gene Department 
  C/marca Boyacá Santander Antioquia Cauca Valle 
Michelite Co-11 b b b b b b 
MDRK Co-1 b e b b b b 
Perry 
Marrow Co-1
3 b b b b e e 
Cornell Co-2 b b b b e e 
Widusa Co-15 e e b e e e 
Kaboon Co-12 e e e e e e 
Mexico 222 Co-3 e e e e e e 
PI 207262 Co-42 + Co-9 b e b b e e 
TO Co-4 e e e e e e 
TU Co-5 b e b b e e 
AB136 Co-6 + Co-8 e e b e b e 
G2333 Co-42, Co-5, Co-7 e e e e e e 
b, broken. e, effective. 
 
 
References: 
 
Mahuku, G.S. and Riascos, J. J. 2004. Virulence and molecular diversity within Colletotrichum 
lindemuthianum isolates from Andean and Mesoamerican bean varieties and regions. European 
Journal of Plant Pathology 110: 253-263. 
 
Santana, G.E., Mahuku, G. 2002. Diversidad de razas de Colletotrichum lindemuthianum  en Antioquia y 
evaluación de germoplasma de fríjol crema-rojo por resistencia a antracnosis. Agronomía 
Mesoamericana 13 (2) 95-113. 
 
Schoonhoven, A. van, and Pastor-Corrales, M. A.  1987.   Standard system for the evaluation of bean 
germplasm. Centro Internacional de Agricultura Tropical, Cali, Colombia 
 
Tamayo, P.J., Otoya, M.M., Pastor, M. 1995. Diversidad de razas de Colletotrichum lindemuthianum, el 
patógeno de la antracnosis del fríjol en Rionegro, Antioquia. Fitopatología Colombiana 19(1):1-6 
 
 
 
Contributors:  G. Mahuku and C. Jara 
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3.1.3    Characterization of Phaeoisariopsis griseola isolates from Darién, Colombia 
 
Rationale:  
 
Monitoring of the P. griseola population is one of the activities of the Pathology section of the bean 
improvement program. Several of our sources of resistance are planted in different areas in Darién in the 
hopes of identifying new pathotypes, as well as monitor the utility and quality of our identified sources of 
resistance. We report the pathotype stracture of P. griseola isolates collected from our pathogen 
monitoring plots in Darién, Popayán and from snap bean plots in Tenerife and Pradera. 
 
Materials and Methods:  
 
Thirty six (41) monosporic isolates were established and conserved in 2007. Of these, 36 were from 
Darién, 3 from Popayán and one each from snap bean plants grown in Pradera and Tenerife. The isolates 
were characterized under greenhouse conditions on a set of 12 international Angular Leaf Spot 
differential varieties using protocols previously described (Mahuku et al., 20026
 
). Plant handling, 
inoculum production, inoculations and evaluations were done as described previously (Mahuku et al., 
2002). 
Results and Discussion:  
 
A total of 11 pathotypes were characterized among the 41 isolates in this study (Table 103). The majority 
of the isolates from Darién belonged to the Andean subgroup of P. griseola. Most of the isolates belonged 
to the Andean pathotype 63-0, which was the most predominant in Darien. These results reveal that the P. 
griseola population in Darién continues to be predominantly Andean, where as isolates from Popayán 
were all of the Mesoamerican sub-group. The Mesoamerican cultivar, BAT 332 was the only differential 
variety that had an incompatible interaction with all isolates used in this study. Our sources of resistance 
(G10909, G10474, etc) continue to be effective in Darién. 
 
Conclusion:  
 
Constant monitoring of the pathogen population in each of our experimental stations and the surrounding 
areas is vital to identifying the emergence of new pathotypes, as well as verify the utility of our sources of 
resistance. 
 
Reference: 
 
Mahuku, G.S., Jara, C., Cuasquer, J.B., and Castellanos, G. 2002. Genetic variability within 
Phaeoisariopsis griseola from Central America and its implications for resistance breeding of 
common bean. Plant Pathology 51: 594-604 
 
 
Contributors: C. Jara, G. Mahuku and G. Castellanos 
 
 
 
                                                 
6 Mahuku, G.S., Jara, C., Cuasquer, J.B., and Castellanos, G. 2002. Genetic variability within Phaeoisariopsis 
griseola from Central America and its implications for resistance breeding of common bean. Plant Pathology 
51: 594-604. 
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Table 103.   Characterization of 41 isolates of Phaeoisariopsis griseola collected from Darién, Popayán, 
 Pradera and Tenerife in Colombia. 
 
 Differential Cultivar  
 Andeana  Mesoamericanb  
 A B C D E F  G H I J K L  
Race 1c 2 4 8 16 32  1 2 4 8 16 32 Origin (number of isolatese) 
30-0  bd C d e         Darién (6) 
31-0 a b C d e         Darién (1) 
46-0  b C d  f        Darién (1) 
47-0 a b C d  f        Darién (5) 
62-0  b C d e f        Darién (4) 
63-0 a b C d e f        Darién (17) 
15-47 ad b C d    g h i j  l Darién (1) 
23-39 a be C  e   g h i   l Popayán (1) 
31-39 a b C d e   g h i   l Pradera (1) 
61-47 a  C d e f  g h i j  l Popayán (1) 
63-47 a b C d e f  g h i j  l Darién (1), Popayán (1),Tenerife (1) 
 
a. Andean differential cultivars: A=Timoteo; B=G 11796; C=Bolon Bayo; D=Montcalm; E=Amendoin;  F=G 5686. 
b. Mesoamerican differential cultivars: G=PAN 72; H=G 2858; I=Flor de Mayo; J=Mex. 54; K=BAT 332;  
L=Cornell 49242. 
c. The binary value assigned to each cultivar and used to calculate isolate pathotype. 
d. Lower case letter signifies a compatible interaction  
e. Number of isolates for each locality 
 
 
 
3.1.4   Distribution and characterization of bean root rot pathogens in Southern DRC 
 
Rationale: Common bean is important crop for home consumption and sale for rural and suburban 
households Southern DR Congo. It is second in importance after maize and is eaten as a main ingredient 
to provide protein in daily diet. Bean production is characterized by low productivity and production 
especially due to abiotic (drought, rainfall distribution, low Nitrogen, low Phosphorus and low PH) and 
biotic constraints (root rots, anthracnose, rust, ALS, BCMV diseases; bean stem maggot (BSM), ootheca, 
caterpillars, aphis, bruchids). Over two decades (1985 to 2005), research activities were undertaken by 
INERA NBP to implement experimentation related to bean varietal selection, by introducing and 
evaluating for adaptation germplasm from SABRN/PABRA/CIAT  in local areas where beans are grown. 
Some varieties were selected for their adaptation and good yield in this AEZ. The results compiled from 
trials on-station and on-farm (2002-2005) and the preliminary survey (2005) showed that the main bean 
production constraints in Southern Midland of DR Congo were root rots (BRR), BSM, ootheca, 
anthracnose, rust, ALS and BCMV .   
 
BRR is caused by several soil fungal pathogens notably Pythium spp; Fusarium solani f. sp. Phaseoli; 
Rhizoctonia solani; Sclerotium rolfsii and Fusarium oxysporum f.sp. phaseoli (Buruchara and Rusuku, 
1992). In most cases, these pathogens exist in the soil in complexes of one or two pathogens causing very 
high epidemics. The bean crop is attacked at all growth stages causing damping off at seedling stage, leaf 
yellowing, stunted growth and death if severe. Root rots of beans have become increasingly important in 
several areas of eastern and central Africa where intensity of bean production is high, Occurrences and 
severity are associated with high intensity of bean production and where intensification of land use has 
resulted in reduced crop rotation and fallow periods, leading to a build up of soil pathogen inoculum and 
decline in soil fertility. A survey to collect samples of bean plant and soil in bean fields affected by BRR 
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was initiated  to characterise the root rot pathogens responsible for the root rot epidemic in Southern 
DRC, their characteristics (morphological and pathogenicity) and how to improve bean varieties against 
BRR. 
     
Materials and Methods: A survey to collect samples of bean plant and soil in bean fields affected by 
Bean Root Rot (BRR) was carried out in four districts  in southern DR Congo (Lubumbashi, Likasi and 
Fugume) between 12-16 March 2007. Staff of INERA Kipopo and the University of Lubumbashi were 
also trained on collection and isolation of bean root rot pathogens by a research associate from CIAT. 
This survey was conducted in 4 districts in Southern DR Congo, Lubumbashi, Likasi, Kolwezi and 
Fungurume. Ten sites per districts were selected and soil and plant samples of diseased plants were 
collected. Samples of beans with typical symptoms of Pythium spp.  and Fusarium spp. and soil samples 
from infected bean fields were collected from 4 Districts  in southern DRC (using GIS to document the 
location), 10 samples (bean fields) per location. In each bean field, samples were picked from pre-
determined positions using a grid distance of 5-10 km. In each bean field at least 15 plants were collected 
randomly following a “W” pattern and each sample given a label. Soil samples were collected from the 
same position as where infected plants were picked and later bulked to make a field sample. 
 
Isolation of Pythium spp. was done on Corn Meal Agar or PDA amended with 0.03g Rifamycin and 
0.1125g Pimaricin. These two antibiotics were normally prepared as stocks as indicated below (taken as 
ready-made plates from CIAT-Kawanda BioLab). The pathogens were isolated by washing infected root 
samples, cutting small pieces from infected roots, and incubating on selective media for 24 to 48 hrs 
before subculturing onto PDA slants.  
 
For Fusarium solani fsp. phaseoli, root pieces were plated on Nash and Synder selective medium  
amended with 2.0 ppm Benomyl (Hall, 1981) and incubated at 23+2oC for about 14 days. The growing 
colonies were sub-cultured on PDA amended with streptomycin sulphate and Aureomycin. A further 
subculture was made from clean colonies onto PDA without antibiotics and incubated at room 
temperature for up to 14 days. Microscopic examination was used for preliminary confirmation that 
cultures are Fusarium solani. The cultures were brought to Kawanda Agricultural Research laboratories 
for isolation and identification of the pathogens. In total around 394 samples were collected. 
 
Results: 
 
Characterization of Pythium isolates: Isolates were sent to MACROGEN for sequencing. Basing on the 
sequencing results of 34 PCR products, 20 samples were Pythium spp.  Of these, six were P. 
aphanidermatum, six were P. deliense , two were P. myriotylum, two were P. splendens,  two were P. 
graminicola, one was P. vexans and one P. torulosum (Table 104).  Four of the samples were isolates of 
other fungi, i.e., Alternalia rolfsii  and Sclerotium delphinii. Nine of the samples did not yield any results 
probably due to the inadequate amounts of DNA extracted. 
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Table 104.   Pythium spp. identified in a field survey in southern DR Congo  
 
Pythium spp Number of samples 
P.aphanidermatum 6 
P. delinéese 6 
P.myriotylum 2 
P.splendens 2 
P.graminicola 2 
P.vexans 1 
P.torulosum 1 
Total  20 
 
 
Contributors:  Kanyenga Lubobo (INERA-Kipopo, DRC), R. Buruchara, S. Buah, C. Acam, C. 
 Mukankusi (CIAT-Uganda) 
 
 
3.1.5    Monitoring of whitefly populations in the Andean zone 
 
Rationale: Continuous monitoring of changes in whitefly populations and species composition in target 
areas are some of the most important objectives of the DFID-funded project on Sustainable Management 
of Whiteflies. This information is necessary in order to modify the existing management systems and to 
be prepared for new situations in the future. 
 
Materials and Methods: In 2007 we processed a total of 30 whitefly samples (adults and pupae) 
collected in 16 locations of the Huila, Nariño, Cauca, Departments of Colombia and the Chota Valley in 
the northern zone of Ecuador in altitudes that range between 620 and 2800 masl. Samples were taken 
from common beans, snap beans and tomatoes. RAPD techniques (primer OPA-04) were used for the 
identification of pupae and adults. The identification was also based on morphological characteristics of 
pupae and comparisons between RAPD patterns in samples brought from the field with those of existing 
mass rearings of different whiteflies maintained at CIAT.  
 
Results and Discussion: In order to know the distribution of the whitefly, other areas in Colombia have 
continued to be monitored, where it is considered to be an important pest.  Three areas were sampled in 
the Huila Department (Rivera, Algeciras and Campoalegre) located in the Central lowlands of Colombia, 
with altitudes ranging between 573 and 988 masl. It has been found that 66.0% of the collected samples 
were of B. tabaci biotype B and the other 33.0%, which were found around at 900 masl, correspond to a 
complex of T. vaporariorum and B. tabaci biotype B.  Other areas where whiteflies are considered to be 
an important pest is in the town of Rosas (in the southern part of the Cauca department) and also in the 
northern part of the Nariño department.  Samples of the whiteflies were collected in different crops, in 
altitudes ranging between 1160 and 2750 masl where the zone is considered to be highly agricultural.  As 
an example of the RAPD patterns obtained, Figure 65 shows that 72.7% of the collected samples were of 
T. vaporariorum and the other 27.3 %, found at 1166 masl, correspond to B. tabaci biotype B.  Presence 
of biotype B of B. tabaci was evidenced in the field observed physiological disorders (irregular ripening) 
and by morphological differentiations with T. vaporariorum. These identifications were confirmed by the 
means of RAPD molecular tests. 
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Figure 65. RAPD patterns for whiteflies collected in Nariño (Colombia). Amplification of the primer 
 OPA-04: 1, T.vaporariorum control, from CIAT; 2, B. tabaci biotype A control from CIAT; 
 3, B. tabaci biotype B control from CIAT; 4 and 5, T. vaporariorum adults collected in Pasto, 
 Nariño (2749 masl), 6 and 7, B. tabaci biotype B adults collected in Pasto, Nariño (1166 
 masl); 8 and 9, B. tabaci biotype B pupae collected in Pasto, Nariño (1166 masl); 10 and 11, 
 T. vaporariorum adults collected in Rosas, Cauca (1690 masl);12 and 13, T. vaporariorum 
 pupae collected in Rosas, Cauca (1690 masl); 14 and 15, T. vaporariorum adults collected in 
 Mira-Carchi, Ecuador (1620 masl); 16, B. tabaci biotype B CIAT control; 17, B. tabaci 
 biotype A CIAT control; 18, T. vaporariorum CIAT control. 100pb = molecular marker.  
 
 
In order to cover the target areas where whiteflies are considered as an important pest, samples were taken 
in the northeastern zone of Ecuador in the provinces of Carchi and Imbabura.  Figure 66 shows that 63.6 
% of the obtained samples correspond to T. vaporariorum and the other 36.4% to a complex of T. 
vaporariorum and B. tabaci biotype B.  Presence of biotype B was evidenced in a field of tomatoes with 
physiological disorders (irregular ripening).  
 
As shown in Figure 67, species composition in the Huila, Nariño and Cauca Departments in Colombia 
and the Chota Valley in Ecuador, has changed drastically in the past 10 years and the trend continues 
since the introduction of biotype B to Colombia, occupying niches previously reserved to T. 
vaporariorum even in areas located above 1300 masl.  Biotype B is an aggressive form of B. tabaci that is 
causing very serious problems. These include physiological disorders in several different crops (silver-
leaf in squash, uneven ripening of tomatoes, pod chlorosis in snap beans), and has the ability to transmit a 
geminivirus that has devastated snap bean plantings in areas below 1200 masl. 
 
 
Contributors: J. M. Bueno, I. Rodríguez, X. Tapia, V. Lino and F. Morales  
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Figure 66.   Whitefly RAPD collected in The Chota Valley (Ecuador). Amplification of the primer OPA-
 04: 1, T.vaporariorum control, from CIAT; 2, B. tabaci biotype A control from CIAT; 3, B. 
 tabaci biotype B control from CIAT; 4 and 5, T. vaporariorum adults collected in Cuambo 
 Imbabura (1436 masl), 6 and 7, T. vaporariorum pupae collected in Cuambo Imbabura (1436 
 masl); 8 and 9, T. vaporariorum adults collected in Ibarra Imbabura (910 masl), 10 and 11, T. 
 vaporariorum and B. tabaci biotype B pupae collected in Ibarra Imbabura (910 masl); 12 and 
 13,  T. vaporariorum and B. tabaci biotype B pupae  collected in El Angel Carchi (1441 
 masl); 14, T. vaporariorum pupae collected in El Angel Carchi (1441 masl); 15, B. tabaci 
 biotype B CIAT control; 16, B. tabaci biotype A control; 17, T. vaporariorum CIAT control.  
 100pb = molecular marker. 
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Figure 67.  Changes in whitefly species composition in the Huila, Nariño and Cauca departments in  
  Colombia (C) and in the Chota Valley in Ecuador (E), located in southwestern Colombia  
  and northern Ecuador, with altitudes ranging between 620 and 2700 masl (1997 – 2007).    
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Other activities were: 
 
1. Evaluation of management techniques for the production of tomato attacked by B. tabaci B vector 
of tomato mild mosaic virus (Figure 68). 
2. Evaluation of management techniques for the production of snap beans attacked by B. tabaci B, 
vector of the leaf crumple virus in common beans (Figure 69). 
3. Diffusion of technical information through presentations and extension bulletins in Colombia, 
(Figure 70). 
 
 
      
 
Figure 68. Management techniques for the production of tomato attacked by B.tabaci B, vector of the 
 tomato mild mosaic virus. 
 
 
    
 
Figure 69.   Management techniques for the production of snap beans attacked by B.tabaci B vector of 
 the crumpling leaf virus. 
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Figure 70.  Training a group of technicians, students and farmers about the management of the 
 whiteflies at Corpoica in Palmira, Colombia. 
 
Contributors: J. M. Bueno, I. Rodríguez, F. Morales and M. Castaño 
 
 
 
 
Progress towards achieving output milestones: 
 
 
• The information provided by this and previous publications, such as the revised Compendium of 
Bean Diseases, covers all the viral diseases of common bean in the world, and emphasizes their 
management and control. 
 
• It is planned that pathogenicity tests of the isolates of Pythium species that were sequenced by 
MACROGEN be done and used to screen several bean varieties from Southern DR Congo NBP 
with the aim of identifying varieties that are resistant to these isolates. Known resistant and 
susceptible varieties from CIAT-Kawanda will be include as checks in the trails. 
 
• Surveys revealed the extent of pesticide abuse among dry bean and snap bean producers 
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Activity 3.2    Characterizing disease and insect resistance genes 
 
Highlights: 
 
• CAPS markers were developed from a SCAR for the BGYMV resistance gene bgm-1 and was 
used to locate the gene relative to a potyvirus resistance gene bc-12 .   The linkage of two 
recessive viral resistance genes functional against viruses from different families has not been 
described before to our knowledge.  
 
• Three microsatellite markers were identified that were linked to the ALS resistance genes in the 
Andean genotype G5686. Microsatellite markers PV-Ag004 and PV-CTT001 were linked to 
resistance gene A and located on chromosome B4; while the microsatellite marker PV-At007 
segregated with resistance gene B that was located on chromosome B9. 
 
• Amplification of DNA from genotypes that are normally used in crosses with G5686 revealed 
that these markers are gene pool non-specific, thus, confoming their utility for MAS. 
 
• Three microsatellites were identified that segregated with the Pythium root rot resistance gene in 
RWR719 and one that was linked to the resistance gene in AND1062. 
 
• Two of the microsatellite markers are localized on linkage group B2 while the others are on 
linkage group B4, revealing that at least two loci condition Pythium root rot resistance in common 
bean. 
 
3.2.1   Genetic mapping of bean golden yellow mosaic geminivirus resistance gene bgm-1  and 
 linkage with potyvirus resistance 
 
Introduction:   Bean golden yellow mosaic virus (BGYMV) is a whitefly-transmitted geminivirus of the 
Begomovirus family that causes important yield losses to common beans grown in tropical and sub-
tropical countries of Latin America and the Caribbean.    A major resistance gene that has been widely 
deployed in this region is the recessive locus bgm-1 that prevents the development of severe yellowing 
typical of the disease.  In this study, we analyzed the map location of a co-dominant sequence-
characterized amplified region (SCAR) marker, SR2, that is tightly linked to the bgm-1 resistance gene 
and identified the position of the locus in the common bean genome through comparative mapping using 
two genetic maps for the species.    
 
Materials and Methods: 
 
Population Development:  A recombinant inbred line (RIL) population was developed from the cross of 
SEL1309 x DOR476 through single seed descent from the F2 generation until the F5 generation. 
Subsequently the harvests for each of the 100 RILs were bulked until the F7 generation. The source of 
BGYMV resistance in the cross came from the paternal parent, DOR476 that contains the bgm-1 
resistance gene and the associated marker alleles derived from the A429 source, while the maternal parent 
SEL1309 is susceptible to BGYMV.  DOR476 has small red seed while SEL1309 has reddish-brown 
colored seed but both are of the Mesoamerican genepool and have type II growth habits.   
 
BGYMV screening:  The population was tested in the greenhouse at CIAT to identify the most BGYMV 
resistant and susceptible progeny for combining into DNA bulks.  The greenhouse experiment was 
mechanically inoculated with a BGYMV strain maintained in a susceptible genotype (‘Topcrop’) grown 
in whitefly–proof cages in the Virology Unit of CIAT. Ten plants were evaluated per treatment and the 
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RILs were evaluated for overall symptom score and four separate characteristics (chlorosis, dwarfing, 
flower abortion and pod deformation).  In both cases a 1 to 9 scale was used where 1 was equivalent to 
resistant and 9 to susceptible. DNA was extracted from the DOR476 x SEL1309 RILs by a standard 
method and quantified with a Hoefer DyNA Quant 2000 fluorometer for dilution to a standard 
concentration of 10 ng ul-1 for marker amplification.  DNAs from two other RIL mapping populations, 
DOR364 x G19833 and BAT93 x Jalo EEP558 as described in Blair et al. (2003) were used for marker 
locus placement. 
 
SCAR marker development:  SCAR development was carried out based on the RAPD band (R2) 
identified by Urrea et al. (1996).  Briefly, amplification of the RAPD fragment was carried out in 25 
volume reactions with the same reaction components as in this previous study.   The polymorphic bands 
associated with resistance and susceptibility from this previous study were cut out of 1.5% low melting 
point agarose gels and cleaned individually with the Wizard PCR prep purification system (Promega, 
Madison, WI). The purified insert DNAs were cloned into the pPCR-Script Amp SK(+) plasmid vector 
(Stratagene, La Jolla, CA) using T4 DNA ligase (Promega) in a reaction at 20ºC for 1 hr followed by 16 
hr incubation at 4 ºC.  The ligation reaction was transformed by heat shock into XL1-Blue MRF´ host 
cells and the bacteria were plated onto selective media. Several recombinant clones were picked per 
ligation reaction and their DNA extracted with a standard miniprep protocol.  These minipreps were 
checked for insert size with PCR amplification and SacI and EcoRI digestions.  Clones having the 
expected fragments were selected and end sequenced with standard techniques, T7 and T3 primers using 
the Sequenase™ Version 2.0 DNA Sequencing Kit.  Sequences were compared and searched for inverted 
repeats and SNP polymorphisms using the software Sequencher v.4.1 or DNAman  and analyzed for 
sequence homology to each other and to NCBI database using BLAST. Specific primers were designed 
from the fragment ends and at an internal location using Primer 3.0 software and were tested for ability to 
amplify single-copy SCAR products as described below.   
 
SCAR testing: PCR reactions for the SCAR markers were carried out in 25 μl reaction volumes 
containing 50 ng of genomic DNA, 0.2 uM each of forward and reverse primers, 20 mM of total dNTP 
and 1 unit of Taq polymerase in 1X PCR buffer.   Final MgCl2 concentrations of 1.5 to 2.5 mM were 
tested by adding this component separately to the PCR reaction mix.  After amplification, 12 μl of the 
PCR products were combined with 5 μl of loading buffer (30% glycerol; 0.25% bromphenol blue dye) 
and run on 1.5% agarose gels in 0.5X TBE buffer and visualized on a ultraviolet transiluminator.  The 
new SCAR was tested for amplification on a panel of genotypes representing parents of the test 
population described above and mapping populations used for marker placement:  DOR476, SEL1309, 
DOR364, G19833, BAT93, Jalo EEP558.  Segregation for the SCAR was evaluated on the entire 
population of 100 individual RILs from the DOR476 x SEL1309 population where the marker was co-
dominant.  For the other two populations polymorphism was uncovered by CAPS marker analysis as 
described below. 
 
CAPS marker development and testing:  A restriction analysis was carried out on the sequenced fragment 
from above using the software DNAman (Lynnon Biosoft, Inc.) and nine restriction enzymes (AluI, 
BamHI, DpnI, EcoRI, HaeIII, HinfI, MseI, RsaI and TaqI).  These enzymes were then used to digest 12.5 
μl of the SCAR product with 5 units of each enzyme in separate 20 μl reaction volumes for periods of 4 
hours at the recommended temperatures for each enzyme. The restriction fragment patterns were analyzed 
on 2% agarose gels run in 0.25X TBE using the undigested PCR product as a control reaction as 
described above.  Polymorphisms were scored between the parents described above and segregation of 
the CAPS marker was tested on 87 individuals of the DOR364 x G19833 and 78 individuals of the 
BAT93 x JaloEEP558 mapping populations from Blair et al. (2003) and Freyre et al. (1998), respectively.   
 
Data Analysis:  Genotypic data for the SCAR and CAPS markers were used for linkage analysis in the 
DOR476 x SEL1309 population and in two additional populations for which genetic maps have been 
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constructed, DOR364 x G19833 (Blair et al. 2003) and BAT93 x JaloEEP558 (Freyre et al. 1998). All 
genetic mapping was conducted using the software Mapmaker 2.0 for Macintosh  and a minimum LOD of 
3 under the ‘assign’ command.  Segregation distortion was evaluated with chi-square tests and marker-
trait associations in the DOR476 x SEL1309 population were determined with analysis of variance and F 
tests with the software program qGENE.  Based on this last analysis, F-test values are reported for the 
significant marker trait associations with a probability threshold of P>0.001. 
 
Results and Discussion:  The RAPD band was successfully converted into two SCAR markers named 
SR2 and SR21 (Figure 71).  Polymorphism of the SR2 marker was shown to be based on a 37 bp insertion 
event in the allele associated with susceptibility compared to the allele associated with resistance.  The 
SR2 marker was significantly associated with overall disease symptoms and with three of the four 
symptoms associated with the disease (yellowing or chlorosis, flower abortion, pod deformation) in a 
greenhouse trial in Colombia with the mechanically transmissible BGYMV strain, and mapped at a 
distance of 7.8 cM from the resistance gene bgm-1 based on the chlorosis score.   The SR2 marker was 
successfully converted into a polymorphic CAPS based marker for mapping in both the DOR364 x 
G19833 and BAT93 x Jalo EEP558 mapping populations (Figure 72).   In this mapping exercise, SR2 
was located near the end of linkage group b03 (chromosome 5) suggesting a sub-telomeric position.   
Interestingly, the position of the bgm-1 resistance gene was syntenic with that of bc-1, a strain-specific 
resistance gene for bean common mosaic virus (BCMV), based on linkage of SR2 with the SCAR marker 
SBD5 in the DOR364 x G19833 mapping population.  It is fascinating to us that there is synteny between 
these two recessive resistance genes as this may suggest that there is an association between resistance 
genes for both begomovirus and potyvirus pathogens. 
Figure 71.   Conversion of RAPD marker OR2 (left panel) to SCAR markers SR2 (middle panel) and 
 SR21 (right panel).  Lane genotypes are: Susceptible RIL bulk (1, 9 and 15), SEL1309 (2, 7 
 and 14), DOR476 (3, 8 and 13), A429 (breeding line source of bgm-1) (4 and 12), G24404 
 (Garrapato – landrace source of bgm-1) (5 and 11), Resistant RIL bulk (6 and 10) and 
 DOR364 (negative control) (16).  Lanes labeled as M are molecular weight standards (100 
 bp ladder for OR2 and SR21; lambda PstI for SR2). 
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Figure 72.  Development of CAPS marker for SR2 using five restriction enzyme based on 4 or 5 bp  
  recognition sites (AluI, DpnI, HaeIII, HinfI and MseI) and a double digestion with two  
  restriction enzymes with 6pb recognition sites (EcoRI and BamHI).  Parental survey  
  represented by genotypes DOR 364 (lane 1), G19833 (lane 2), BAT93 (lane 3),   
  Jalo EEP558 (lane 4), SEL 1309 (lane 5), DOR 476 (lane 6). 
 
 
 
Conclusions and Future Studies:   
 
 
Linkage between the two recessive viral resistance genes and association between resistance against both 
a begomovirus and a potyvirus are novel aspects of this work and will be studied further in allelism tests 
for the two genes. 
 
 
Collaborators:  M.W. Blair, L.M. Rodriguez, F. Pedraza, F. Morales, S. Beebe 
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 3.2.2  Identifying and developing molecular markers linked to ALS resistance genes in 
 common  bean 
 
Rationale: Angular leaf spot (ALS) of common bean, caused by the fungus Phaeoisariopsi griseola is 
the most widely distributed and destructive bean disease in tropical and subtropical countries (Stenglein 
et. al., 20037
 
). The disease has emerged as an important bean production constraint in Africa, South and 
Central American countries where bean is an important crop. The fungus P. griseola is a highly variable 
pathogen and several races have been characterized (Mahuku et al., 2002). Despite this high variability, 
all races can be separated into two groups, Andean and Mesoamerican that correspond to the genetic 
diversity that has been described its common bean host (Mahuku et al., 2002). All isolates classified as 
Andean are incapable of infecting Mesoamerican varieties. As a result, stacking Andean and 
Mesoamerican resistance genes into the same genotype is likely to afford wide resistance to P. griseola. 
Such a strategy would benefit from the use of well characterized resistance genes and markers that will 
allow the identification of Andean genes in Mesoamerican background, as it is impossible to detect 
Andean genes in Mesoamerican backgrounds. The Andean genotype G5686 has previously been 
identified as a good source of Andean genes effective against both Andean and Mesoamerican genotypes. 
Inheritance studies identified two complementary resistance genes as conditioning angular leaf spot 
resistance. This study focused on identifying molecular markers linked to ALS resistance genes in G 
5686, and validating the utility of these markers for MAS.  
Materials and Methods:  
 
Identifying markers linked to resistance genes in G5686: The Andean genotype, G5686 has been 
highly resistant to both Andean and Mesoamerican pathotypes of P. griseola. Inheritance studies showed 
that at least two complementary genes conditioned resistance to P. griseola (CIAT, 20038). A total of 11 
SSR markers that have been developed for the common bean (Yu et al., 19999) were used to amplify 
DNA from G5686 and Sprite. Identified polymorphic microsatellite markers were used to evaluate the 
entire F2 population of 139 individuals, derived from crossing G5686 x Sprite. PCR amplification, 
polyacrylimaide gel electrophoresis and visualization were done as described previously (Mahuku et al., 
200410). Mapmarker (Lander et al. 198711
 
) was used to ascertain the association of the marker and 
resistance to P. gris3ela in the segregating F2 population.  
Validation of molecular markers: To validate the utility of the identified molecular markers for marker 
assisted selection breeding, the identified microsatellite markers were used to amplify DNA from 40 
genotypes that are currently being used in crosses with G5686. 
 
                                                 
7 Stenglein S., Ploper, L.D., Vizgarra, O., and Balatti, P. 2003. Angular leaf spot: a disease caused by the fungus 
Phaeiosariopsis griseola (Sacc.) Ferraris on Phaseolus vulgaris L. Advances in Applied Microbiology 52:209-243. 
8 CIAT 2003. Annual Report, Bean Program 2002. CIAT, Cali, Colombia.  
9 Yu, K., Park, S.J.,, Poysa, V. and Gepts, P. 2000. Integration of simple sequence repeat (SSR) markers into a 
molecular linkage map of common bean (Phaseolus vulgaris L.). Journal of Heredity 91 (6): 429-434. 
10 Mahuku, G., Montoya, C., Henríquez, M.A., Jara, C., Teran, H., and Beebe, S. 2004.  Inheritance and 
characterization of the angular leaf spot resistance gene in the common bean accession, G 10474 and identification 
of an AFLP marker linked to the resistance gene. Crop Science 44: 1817-1824. 
11 Lander, E.S., Green, P., Abrahamson, J., Barlow, A.., Daly, M.J., Lincoln, S. E., and Newburg, L. 1987.  
MAPMAKER: An interactive computer package for constructing primary genetic linkage maps of experimental and 
natural populations Genomics 1(2):174-181 
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Results and Discussion:   
 
 
Identification of common bean microsatellite markers linked to ALS resistance in common bean: Of the 
12 microsateelite markers evaluated in this study, 8 had polymorphic bands when evaluated on the parents 
G5686 and Spirte. Evaluation of these markers on a 10 resistant and susceptible markers revealed that 
only three PV-Ag004, PV-At007 y PV-Ctt001 maintained their poplymoprhism. All microsatellite 
markers were co-dominant.  
 
 
Marker Pv-Ag004: This marker amplified a 270 bp fragment in G5686 and all resistant individuals and a 
240 bp band in Sprite and susceptible individuals (Figure 73). Linkage analysis showed that this marker 
was located 0.0 cM from the resistance gene in G5686. In addition, a 160 bp fragment was amplified in 
all individuals. This fragment is useful to guard against PCR failures. 
 
 
 
             
 
 
Figure 73.  Banding patterns generated by the microsatellite primer PV-Ag004. PR is the resistant  
  parent G5686; PS is susceptible parent Sprite, lanes 1-7 are resistant individuals while  
  lanes 8 – 14 are susceptible individuals. Lame MP is the molecular size marker. 
 
 
 
Marker PV-Ctt001: This SSR marker amplified a ~120 bp fragment in the resistant parent and all resistant 
individuals, and an ~110 bp fragment in the susceptible parent and all susceptible F2 individuals (Figure 
74). Linkage analysis showed that the PV-Ctt001 SSR was linked to gene the same ALS resistance gene 
that localized to chromosome (linkage group) B4 of the common bean genetic map. The SSR marker Pv-
Ag004, and was located 17.1 cM from this gene. 
PR PS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 MP 
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Figure 74.  Banding patterns generated by the microsatellite primer PV-Ctt001. PR is the resistant  
  parent G5686; PS is susceptible parent Sprite, lanes 1-6 are resistant individuals while lanes  
  7 – 12 are susceptible individuals. Lane MP is the molecular size marker. 
 
 
Marker PV-At007:  The SSR marker PV-At007 is co-dominant, amplifying a 150 bp fragment in the 
resistant parent and individuals and a 100 bp fragment in the susceptible parent and individuals (Figure 
75) Linkage analysis showed that Pv-At007 was located on linkage group (Chromosome) B8 and 
segregated with the second ALS resistance gene in G5686 and was located 12.1 cM from the resistance 
gene. 
 
 
 
     
 
 
Figure 75.  Banding patterns generated by the microsatellite primer PV-At007. PR is the resistant parent 
  G5686; PS is susceptible parent Sprite, lanes 1-6 are resistant individuals while lanes 7 – 12  
  are susceptible individuals. Lane MP is the molecular size marker. 
PR PS 1 2 3 4 5 6 7 8 9 10 11 12 MP 
PR PS 1 2 3 4 5 6 7 8 9 10 11 12 MP 
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Validation of SSR markers for MAS: Amplification of 40 genotypes that are commonly used in crosses 
with G5686 showed that these markers are gene pool non-specific (Figure 76), and therefore, can be 
potentially useful for marker assisted selection in breeding programs.  However, a parental survey should 
first be conducted, as a few genotypes showed a fragment associated with the resistance allele for each of 
the markers (Table 105). A selection scheme should be developed following the parental survey so as to 
take full advantage of available markers. 
 
   Table 105.   Evaluation of common bean genotypes that are commonly used in crosses with G5686  
  using three microsatellite markers Pv-Ag004, Pv-Ctt001 y Pv-At007.  
 
N° Genotipo Pv-Ag004 Pv-Ctt001 Pv-At007 
1 G 5686 + + + 
2 G 19633 + + + 
3 G 21212 - - + 
4 G 23070 - - - 
5 GLP 2 - - - 
6 GLP 585 - + - 
7 MAM 23-24 - - - 
8 MAM 38-33 - - - 
9 MAR 1 - - - 
10 MAR 2 - - - 
11 mar-03 - - - 
12 MD  23-24 - - - 
13 MEX 54 - - - 
14 MIB 40 89 A  - - - 
15 MONTCALM - - - 
16 MR 12439-18 - + - 
17 MR 15304 - - + 
18 MR 13363 - + - 
19 PARAGACHI + - - 
20 TIO CANELA - - - 
21 RUDA - + - 
22 RWR 719 - - - 
23 RWR 1092 - - - 
24 SAM 1 - - - 
25 SCAM 80cm\1.5 - - - 
26 SUG 137 - - - 
27 G 10474 - - + 
28 SPRITE - - - 
29 AFR 699 - - + 
30 AND 1055 - - - 
31 AND 1064 - - - 
32 B CAVER 4 - - - 
33 CAL 96  + - - 
34 G 4090 - - - 
35 G 5207 - + + 
36 G 9603 - - - 
37 G 10909 - - + 
38 G 15430 - - - 
39 PAN 72  - - - 
40 A 36 + - - 
       + = presence of a marker, - = absence of a marker.  
 
 
 199 
 
 
 
 
 
Figure 76. Banding patterns generated by the SSR marker PV-Ag004 when used to amplify DNA from 
 bean genotypes that are normally used in crosses with G5686. Lane is G5686 while Lane 
 28 is Sprite.  
 
Conclusions:  In this study, we identified three microsatellite markers that segregated with the resistance 
genes in G5686. Two of these markers are linked to the first resistance gene (gene A) located on linkage 
group (chromosome) B4, while one marker is linked to the second resistance gene (gene B) located on 
chromosome B8. Validation analysis showed that these markers are gene pool non-specific and therefore, 
can potentially be used for marker assisted selection, especially marker PV-Ag004 that was found to be 
0.0 cM from the resistance gene of interest. However, a parental survey should first be conducted before 
developing a breeding scheme that utilizes G5686 as a donor of ALS resistance. In addition these markers 
also serve to identify other markers that are in the vicinity of the resistance gene, thus expanding the 
identification of other potential markers and increasing the potential utility of MAS.  
 
 
Contributors:  G. Mahuku, A. Iglesias 
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3.2.3 Identification of microsatellite markers linked to Pythium root rot resistance in common 
 bean 
 
Rationale: Bean root rot, caused by several Pythium species is one of the most destructive diseases 
affecting common bean (Phaseolus vulgaris) in East and Central Africa where beans are grown in 
intensive agricultural production systems (Buruchara and Rusuku, 199212
  
). A few bean genotypes with 
resistance to Pythium root rot have been identified, among them RWR 719, MLB 49-89A and AND 1062 
(Buruchara and Rusuku 1992).  Last year, we reported the identification of RAPD molecular markers 
linked to the resistance genes in RWR 719, MLB 49-89A, and AND1062, and the conversion of the 
markers linked to the resistance gene in RWR 719. This year, we report the identification of microsatellite 
markers linked to the Pythium resistance genes for these genotypes. 
Materials and Methods:  
 
Plant material and evaluations: The resistant varieties RWR 719, MLB49-89A, and AND 1062 were 
crossed to the susceptible commercial cultivar, GLP2 to establish F1, F2, and backcross populations to 
susceptible (BCS) and resistant progenitors (BCR). These populations were evaluated under greenhouse 
conditions using an isolate of Pythium ultimum, previously established as the most important and widely 
distributed species causing bean root rots in East and Central Africa (Mukalazi  et al, 200113
 
). Plant 
establishment, inoculations and evaluations were done as described previously (CIAT, 2005). Plants with 
no or limited symptoms (score 1-3) were rated as resistant, and the rest of the plants as susceptible.  
DNA extraction: Young trifoliate leaves were collected from the two parents, and from resistant and 
susceptible F2 progenies, and DNA was extracted using the procedure described by Mahuku (200414
 
). In 
addition, DNA was extracted from other varieties that are commonly used as parents in root rot breeding 
program.  
Marker identification: Twelve microsatellite markers previously developed for common bean (Yu et al., 
200015) were used to evaluate the parents and 5 resistant and susceptible each of the F2 population. 
Marker assaying, identification and detection were done essentially as described previously (Mahuku et 
al., 200416
 
). Candidate markers showing evidence of correlation to disease resistance or susceptibility 
were further evaluated on an additional 10 resistant and susceptible F2 plants. Where polymorphism was 
maintained, the potential markers were evaluated on the entire F2 population (Table 106).  The marker 
scoring data in the F2 were merged with the disease scoring data for linkage analysis using the computer 
program MAPMAKER (Lander et al., 1987). 
                                                 
12 Buruchara, R.A. and Rusuku, G. (1992).  Root rots in the Great Lakes Region.  Proc. of the Pan-African Bean Pathology 
Working Group Meeting, Thika, Kenya.  May 26-30, 1992.  CIAT Workshop Series No. 23. pp.49-55. 
13 Mukalazi J. R. Buruchara, J. Carder, S. Muthumeenakshi, E. Adipala, F. Opio G. White, T. Pettitt and N.J. Spence (2001). 
Characterization of Pythium spp. Pathogenic to common beans in Uganda.  African Crop Sci. Conference Lagos, Nigeria. 
14 Mahuku, G. S. 2004. A simple extraction method suitable for PCR-based analysis of plant, fungal, and bacterial DNA. Plant 
Molecular Biology Reporter 22: 71-81 
15 Yu, K., park, S.J., Poysa, V., and Gepts, P. Integration of simple sequence repeat (SSR) markers into a molecular 
linkage map of common bean (Phaseolus vulgaris L.). The Journal of Heredity 91:429-434. 
16 Mahuku, G., Montoya, C., Henríquez, M.A., Jara, C., Teran, H., and Beebe, S. 2004.  Inheritance and 
Characterization of the Angular Leaf Spot Resistance Gene in the Common Bean Accession, G 10474 and 
Identification of an AFLP Marker Linked to the Resistance Gene. Crop Science 44: 1817-1824. 
 201 
Table 106.  Common bean microsatellite markers linked to Pythium root rot resistance in the common 
 bean genotypes RWR 719, MLB 49-89A and AND 1062.  
 
 Pythium root rot resistance sources 
SSR Marker RWR-719 AND-1062 MLB49-89A 
PV-atgc001 + - - 
PV-gaat001 - + - 
PV-cct001 + + - 
PV-ctt001 + - - 
PV-atgc002 - - + 
 
+ represents polymorphic in parental and F2 individuals (5 resistant and 5 susceptible F2 plants). 
- represents no polymorphism 
 
 
Results and Discussion: 
 
SSR markers linked to the RWR 719 resistance gene: Three SSR markers were polymorphic between the 
resistant parent RWR 719 and the susceptible parent GLP2 (Table 106). The SSR marker Pv ATGC 001 
amplified a 70 bp fragment in RWR719 and resistant individuals (Figure 77), while similar sized 
fragments were observed with primers Pv-CTT001 (Figure 78) and Pv-CCT001 (Figure 79). These 
fragments were not present in the susceptible parent, GLP2 and individuals. Linkage analysis following 
evaluation of these primers on the entire F2 population showed that Pv-CCT001 was located 7.0 cM from 
the resistance gene in RWR719, while primers PV-CTT001 and PV_ATGC001 were located at 37.6 cM 
and 31.6 cM, respectively from the resistance gene. These markers flank the resistance gene in RWR719 
(Figure 80). Previous mapping studies localized Pv-CCT001 on linkage group B2, while Pv-CTT001 and 
Pv-ATGC001 were localized on linkage group B4. It is possible that more than one gene condition 
resistance to P. ultimum in RWR719. 
 
 
Figure 77.  Banding patterns from amplification of parents and F2 populations derived from RWR719 x 
 GLP2 cross using the microsatellite primer Pv-atgc001. Lane 1 is the resistant parent 
 RWR719, lane 2 is the susceptible parent GLP2, while lanes 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
 14, 15, 16, 17, 18, 19, 20, 21 represent resistant individuals; and lanes 22, 23, 24, 25, 26, 27, 
 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 represent susceptible individuals. Lane 40 is the 
 negative control (no DNA added) and lane 41 is the 50 bp molecular size marker. 
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Figure 78.  Banding patterns from amplification of parents and F2 populations derived from RWR719 x 
 GLP2 cross using the microsatellite primer Pv ctt001.  Lane 1 is the resistant parent 
 RWR719, lane 2 is the susceptible parent GLP2. Lanes 3 to 21 are resistant F2 individuals; 
 lanes 22 – 40 are susceptible individuals. Lane 41 is the negative control (no DNA added) 
 and lane 42 is the 50 bp molecular size marker. 
 
 
 
  
Figure 79.  Banding patterns from amplification of parents and F2 populations derived from RWR719 x  
  GLP2 cross using the microsatellite primer Pv cct001. Lane 1 is the resistant parent   
  RWR719, lane 2 is the susceptible parent GLP2. Lanes 3 to 21 are resistant F2 individuals;  
  lanes 22 – 40 are susceptible individuals. Lane 41 is the negative control (no DNA added)  
  and lane 42 is the 50 bp molecular size marker. 
 
 
 
Figure 80.  Relationship of the microsatellite markers Pv-atgc001; Pv-cct001 and Pv-ctt001 to the  
  resistance genes in RWR719.  
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SSR markers linked to MLB 48-89A resistance gene: Preliminary evaluations revealed that the SSR 
marker Pv-atgc002 was polymorphic between MLB48-89A and GLP2. However, when this marker was 
evaluated on five resistant and susceptible individuals from this cross, polymorphism was lost. Therefore, 
no SSR marker linked to the root rot resistance in MLB48-89A was identified in this study. 
 
 
SSR markers linked to AND 1062 resistance gene: Of the 12 SSR markers evaluated on AND 1062 and 
GLP2, two were polymorphic among the parents. Further evaluation on a set of five resistant and 
susceptible individuals revealed that the marker Pv-cct001 maintained its polymorphism, and segregated 
with the resistance gene in AND 1062 (Figure 81). This marker was located 12.3 cM from the resistance 
gene in AND 1062. The SSR marker was previously localized on linkage group B2. .  
 
 
        
Figura 81.   Banding patterns from amplification of parents and F2 populations derived from AND 1062 x 
 GLP2 cross using the microsatellite primer Pv cct001. Lane 1 is the resistant parent AND 
 1062, lane 2 is the susceptible parent GLP2. Lanes 3 to 23 are resistant F2 individuals; lanes 
 24 – 38 are susceptible individuals. Lane 39 is the negative control (no DNA added) and lane  
 40 is the 50 bp molecular size marker. 
 
 
Conclusion: Three markers that are linked to the resistance gene s in RWR719 (2 SSR markers) and 
AND 1062 (1 marker) were identified. Segregation analysis revealed that SSR markers Pv-cct was 
probably the most useful for marker assisted selection, as it was located 7.0 cM and 12.3 cM from the 
resistance genes in RWR719 and AND1062 respectively. This marker is located on chromosome B2 of 
the common bean genetic linkage map. Furthermore, these studies revealed that at least two genes 
condition Pythium root rot resistance in RWR719, one located on linkage group B2 and a second on 
linkage group B4. Mapping of the previously identified RAPD markers will further confirm the 
localization of resistance genes conditioning Pythium root rot resistance in common bean. 
 
 
Contributors: G. Mahuku, M. Navia, A. Matta, R. Buruchara, R. Otsyula 
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Progress towards achieving milestones:  
 
 
• Mapping the bgm-1 gene paves the way for identifying flanking markers for more effective MAS.  
 
• Strategy developed for stable angular leaf spot and pythium root rot resistance / markers for marker 
assisted selection developed for various biotic constraints 
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Activity 3.3    Developing integrated disease and pest management components 
 
Highlights:  
 
• All of the bean cultivating areas in Colombia and Ecuador included in the Fontagro-financed project 
“Reduction in the Use of Pesticides and Resistance Developed to it in Rice and Common Bean Crops 
in Colombia, Venezuela and Ecuador” were addressed.  
 
• Whitefly species and biotypes, thrips and leafminers were properly identified. 
 
• Patterns of pesticide use for whitefly, thrips and leafminers control in target are well known. 
 
• Significant progress was achieved in measuring levels of pesticide resistance in whitefly, thrips, 
leafminer populations in Colombia. 
 
• Important changes in whitefly species composition were detected in the target area.  
 
• A number of Pythium species associated with crops grown together with beans were pathogenic on 
beans, sorghum and peas with the latter two the ones most affected.  
 
• Scanning electron microscopy revealed that the infection process of Pythium on common bean varies 
with the different species.  
 
• In a collection of landraces from western Uganda, small seeded varieties were twice as frequent as 
large seeded varieties with medium size being second most abundant. Pythium root rot is severe on 
the large-seeded Andean beans, therefore the relative abundance of small seeded varieties could be 
attributed to the selection pressure due to root rots despite the wider preference for large seeded 
beans. 
 
 
3.3.1  Reduction in the use of pesticides in common bean and snap bean crops by means  of the 
 development and implementation of IPM strategies in Colombia and Ecuador: on- farm 
 surveys and baseline studies of pest resistance  
 
Rationale:  As the consumption of vegetables increases in urban areas of developing countries, small 
farmers turn to the planting of high value vegetables like tomato, snap beans, egg plant, cantaloupe 
melon, pepper and others, as an alternative to increase their incomes.  In order to control various pests, 
small farmers apply huge amounts of chemical pesticides as the exclusive control method to ensure their 
crops.  With doubts about many non-chemical alternatives, it is not probable to have totally chemical-free 
practices in the next decades, taking into account that the demand of agro-chemicals is being intensified 
as farming areas grow in the developing countries to be able to support the provision of food demands. 
Depending on the level of losses and costs, better management of pests will be a strategic component to 
increase the available food in developing countries. This makes it necessary and convenient for IPM 
(Integrated Pest Management) Programs to include the rational use of chemicals, combined with the 
development of management strategies to avoid the development of resistance to pesticides.   
 
Materials and Methods: The main pests were identified in Colombia and Ecuador and the costs that the 
farmer must assume in order to protect his crops were estimated.  A total of 299 farmers were 
interviewed.  The surveys (69%) were done in six zones of Colombia (eight departments and 44 
municipalities).  The other 31% was done in the Northern zone of Ecuador (two provinces (departments) 
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and four cantons (municipalities)).   The selected areas in both countries are more or less similar and are 
representative of the hillside environments where there is production of common bean in the Southeast, 
Center and Northwest of Colombia and North of Ecuador (Figure 82).   
 
 
 
Figure 82.  Survey zones selected due to use of pesticides in snap bean and common bean production 
 areas.  Uncolored areas are not included in the survey. 
 
 
For data analysis, the region was divided into three large zones: 
 
Low tropics: Lowlands in Colombia and Ecuador, in altitudes lower than 1000 meters above sea level 
(masl) and ranging between 3º30’4” Northern Latitude and 76º0’76.3” Western longitude. 
 
Inter-Andean valleys: They are located in lands that have an altitude between 1000 and 1400 masl.  
Theses valleys are between 2º 30’3”Northern Latitude and 76º 0’76.3” Western longitude. 
 
High tropics: Lands with altitudes above 1400 masl. They are in the Andean zone of Colombia and 
Ecuador with 0º 0’30” Northern latitude and 74º 74’30” Western latitude. 
 
Baselines were obtained for the different target pests in common beans and snap beans. In order to 
establish the baselines with systemic pesticides, the technique developed by Cahill et al. (1996) was used.  
To evaluate contact pesticides and to establish their baselines, the dipping technique was used as 
described by Prabhaker et al. (1985).  Baselines were defined using adult and immature insects (larvae in 
first instar) provided by mass rearings of susceptible species of T. vaporariorum, B. tabaci, L. sativae, L. 
huidobrensis and T. palmi kept in breeding rooms at CIAT. 
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Main characteristics of farmers in Colombia and Ecuador:  Most of the surveyed farmers in the 
Andean Zones of Colombia and Ecuador are men (Table 107). A significant percentage of these men own 
at least one hectare of land, mainly in the Inter-Andean valleys and the High tropics.  In the Low tropics 
and Inter-Andean regions, snap bean plantations are mostly preferred while common bean plantations are 
of major importance in the High tropical regions.  Crop scheduling of three or more host crops is 
common, and is conducive to the increase of pest-insect populations of whiteflies, leafminers, thrips and 
leafhoppers. This practice is difficult to change due to social and economical reasons.  Because they have 
not received qualified technical assistance, most of the farmers do not carry out appropriate cultural 
practices.  They also do not rotate crops due to economical reasons.   
 
Table 107.  Main characteristics of the interviewed farmers in the Andean zone of Colombia and 
 Ecuador (percentage). 
Topic Low Tropics (<1000 masl) 
Inter-Andean 
Valleys 
High Tropics 
(>1400 masl) 
Men 75 97 93 
Land owners 25 41 66 
Plant less than 1 ha 75 68 40 
Common bean more important 25   4 80 
Snap bean more important 75 79 10 
Plant 3 or more crops at a time - 45 57 
Rotate crops 1 75 86 70 
Have received technical assistance   0 51 46 
1 In this case, “rotation” is sometimes understood as changing the place of the same crop inside the farm. 
 
Identification of target pests 
 
The main sampled zones show that the whitefly is the most important pest that attacks snap bean and 
common bean plantations. 46% of the Colombian and Ecuadorian areas that were sampled are affected by 
whiteflies. Thrips, leafhoppers and leafminers affect 18%, 9% and 7.5%, respectively, common bean and 
snap bean plantations in the sampled areas of Colombia and Ecuador.  
 
Table 108 shows how the whitefly is identified as the main limitation for crops in the Low tropics, Inter-
Andean valleys and High tropics.  Leafminers affect crops located in the Low tropics, while thrips and 
leafhoppers affect in a lower proportion the Inter-Andean valleys and the High tropics.  For the 
identification of whitefly biotypes, the RAPD’s-PCR technique was used.   
 
 
Table 108.  Percentage of farmers that identify whiteflies, leafminers, thrips and leafhoppers as the 
 most important pests in common bean and snap bean crops in the Andean zone of 
 Colombia and Ecuador. 
 
Pest Low tropics (<1000 masl) 
Inter-Andean  
valleys 
High tropics 
(>1400 masl) 
Whiteflies a 50 52 36 
Leafminers b 25   7   2 
Thrips - 14 11 
Leafhoppers -   5   4 
a Includes Bemisia tabaci and Trialeurodes vaporariorum; b Include Liriomyza sativae and Liriomyza 
huidobrensis. 
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Use of pesticides Colombia and Ecuador 
 
 75% of the surveyed farmers in the three ecological zones of Colombia and Ecuador use pesticides as the 
only method to control whiteflies (Table 109).  For leafminers, all the farmers (100%) located in the Low 
tropics use chemicals as the only control method for this pest. 
 
Table 109.  Percentage of farmers that use pesticides for the control of pests in common bean and snap 
 bean plantations in the Andean zone of Colombia and Ecuador. 
Ecological zone Application against Whitefly Leafminers Thrips Leafhoppers 
Low tropics 75.0 100.0 50.0 25.0 
Inter-Andean valleys 75.6 68.9 62.1   6.9 
High tropics 70.3 16.2 33.1 10.5 
 
For the control of thrips, a similar percentage of surveyed farmers in the Low tropics and in the Inter-
Andean valleys (50% and 60%, respectively) use pesticides to control this insect.  For the case of 
leafhoppers, very few farmers use specific pesticides to control this insect; nevertheless, all the 
applications are directed towards the other pests and affect leafhoppers indirectly.  However, the use of 
pesticides against target pests possibly can favor the development of high resistance levels in other pests, 
a situation that should be monitored in the Andean zone.  This situation is illustrated by the finding that 
46.2% of the farmers make calendar applications (preventive method), 47.2% applies when they notice at 
least one pest insect (curative) and only 5% of the farmers use action thresholds in order to practice the 
respective control. 
 
72.6% of the farmers use self-prescribed insecticides or receive suggestions from other farmers.  The 
application programming that the farmers use increases control costs for each of the monitored pests in 
the Andean zone.   
 
As reported nine years ago (see Annual Report of 1998), organophosphorates (OPs) are the most used 
chemical groups by Colombian and Ecuadorian farmers (33% to 53%)  to control target pests (Table 110). 
This group is followed by carbamates (C) and pyrethroids (P) as traditional pesticides. There has been an 
increase in the use of new generation pesticides as neonicotinoids (Neon), growth regulators (RC), 
avamectins and nereistoxins (as miscellaneous), and in lower percentage the group of organochlorates 
(Ocl) or mixtures (OPs + P or Ocl + C). 
 
Table 110.  Percentage of farmers that use different groups of pesticides pure or in mixes for the control of 
 whitefly, leafminers, thrips and leafhopper in the Andean zone of Colombia and Ecuador  
 
 OPsa C P Neon RC Micell Mixes Oils Ocl 
Colombia 
Whiteflyb 30.8 15.4 7.7 23.1 7.7 11.5 - 3.8 - 
Leafminers 35.0 20.0 15.0 5.0 5.0 20.0 - -  
Thrips 33.3 16.7 12.5 16.7 - 20.8 - - - 
Leafhopper 53.1 14.3 16.3 2.0 4.1 10.2 - - - 
Ecuador 
Whitefly 45.5 18.2 9.1 - 4.5 9.1 9.1 - 4.5 
Leafminers 36.4 9.1 9.1 - 9.1 9.1 18.2 9.1 - 
Thrips 41.2 17.6 11.8 5.9 17.6 5.9 - - - 
Leafhopper - - 100 - - - - - - 
a Group of pesticide, b targets pest  
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Farmers have easy access to 46 different active ingredients and 70 commercial products.  Most of the 
pesticides that are used are highly toxic (30% category I and 30 % category II).   28.1% of the farmers 
make more than 10 applications per crop cycle (Table 111). For the control of leafminers, more than 79% 
of the farmers make more than 10 applications.  To control thrips and leafhoppers, a high percentage of 
farmers (67.2% and 89.9%, respectively) make more than 10 applications per crop cycle.  
  
 
Table 111.  Standards for the use of pesticides for the control of pests in the Andean zone of 
 Colombia and Ecuador. 
Applications/crop cycle a % of farmers that make applications per each crop cycle for: 
Whitefly Leafminers Thrips Leafhoppers 
1 – 3 29.8   9.0 11.4   6.0 
4 – 6 25.1   4.7 11.7   2.0 
7 – 9 14.4   5.4   8.7   2.0 
10   0.7   0.3   0.3   0.3 
> 10 28.1 79.9 67.2 88.6 
a The mean number of applications done by farmers in Colombia and Ecuador for each crop cycle in the Low 
tropics is 9.7. The mean number of applications done in the Inter-Andean valleys and the High tropics are 6.6 and 
9.5, respectively. 
 
 
Measurement of resistance levels to pesticides in the main pests that attack common beans and snap 
beans 
 
Pesticides were tested following international protocols and were chosen because they are the most 
representative, as mentioned to be used by the farmers during the surveys. 
 
Resistance of whiteflies to pesticides:  Baselines to measure resistance levels of nymphs and adults of T. 
vaporariorum, were established using susceptible populations of the insect (see Annual Reports 2000 and 
2001).  For adults of B. tabaci values for CL50 and CL90 were calculated for one nereistoxin 
(thioxiclamhydrogenoxalate) and one neonicotinoid (tiametoxam) for nymphs and adults (Table 112). 
 
Table 112. Toxicological response of nymphs and adults of laboratory strains of B. tabaci to 2 pesticides.  
 Tests done were using the dipping-vials technique. 
 
Stage Pesticide N CL 50 (LC 95 % ) 
CL 90 
(LC 95% ) b + SEM X ² 
Adults 
Thioxiclamhydrogenoxalate a 405 
125.3 450.3 
2.3 ± 0.2 0.04 
(106.2 - 145.9) (356.1 - 626.4) 
Tiametoxama 1009 
3.7 26.7 
1.49 ± 0.1   5.1 
(2.9 - 4.5) (20.7 - 37.0) 
Nymphs Tiametoxama 931 
71.4 258.3 
2.3 ± 0.16   0.8 
(61.2 -  82.4) (216.6 - 319.6) 
a doses in ppm of commercial products.     (LC) = reliability limits.  
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Resistance levels of L. sativae and L. huidobrensis larvae:  Baselines to measure resistance levels of L. 
sativae and L. huidobrensis larvae were established using susceptible populations of these insects (Table 
113). The CL50 and CL90 were calculated for one avermectine (abamectine) and one growth regulator 
(cyromazine). 
 
Table 113. Toxicological response of laboratory strains of L. sativae and L. huidobrensis larvae to 2 
 pesticides.  Tests were done following the methodology suggested by Prabhaker et al. (1985)a 
 
Stage Pesticide n CL 50
b 
(LC 95 % ) 
CL 90 
(LC 95% ) b + SEM X ² 
L. sativae L1 
abamectin 867 22.8 141.2 1.62±0.13   2.6 (17 - 29.2) (110.7 - 189.4) 
cyromazine 1217 6.5 26.6 2.09±0.2   6.7 (4.6 - 8.5) 19.1- 45.7 
L. huidobrensis L1 
abamectin 1059 58.7  532 1.33±0.08 0.63 (46.9 -71.7) (417.4 -708.4) 
cyromazine 2866 4.1 24.4 1.64±0.06   2.4 (3.6 - 4.5) (21.2 - 28.4) 
a Prabhaker, N.;  Coudriet, D.;  Meyerdirk, D.  1985. Insecticide resistance in the sweetpotato whitefly Bemisia 
tabaci (Homoptera: Aleyrodidae). J. Econ. Entomol. 78: 748-752. 
bDoses in ppm.,      (LC) = reliability limits. 
 
 
Resistance levels of T. palmi to pesticides:  Baselines to measure the resistance levels of T. palmi were 
established using susceptible populations. The CL50 and CL90 were calculated for one carbamate 
(carbosulphan), one neonicotinoid (imidacloprid), one macrocyclic lactone (spinosad), and one fenil-
pirazoles (fipronil) (see Annual Report 2001).  
 
The baseline data calculated for nymphs and adults of whiteflies, leafminers and thrips will be used to 
calculate corresponding diagnostic doses and to initiate field monitoring of resistance. 
 
Contributors: J. M. Bueno, I. Rodríguez, X. Tapia and S. Garcés. 
 
 
3.3.2    The role of alternative hosts in Pythium inoculum build up  
Rationale: In the southwest region of Uganda, bean is one of the crops in a system that includes sorghum, 
maize, sweet potatoes, irish potatoes, bananas and peas. These crops are grown in short rotation or as 
intercrops where dominance depends on season. Among these crops, beans are the most affected by 
Pythium root rots. Last year we showed that a number of Pythium species that are known pathogens of 
beans also affect some of the major crops grown in the bean based system such as sorghum. The studies 
also identified several Pythium species associated with the other crops in the system. Given the wide host 
range of Pythium species, the current study was meant to establish if some of the Pythium species 
identified and associated with other crops are pathogenic to beans and some of the crops. The results 
should give indications of the role of other crops in pathogen survival and the role of these Pythium 
species in root rots of beans.  
Materials and Methods: The experiment was conducted in a screen house using artificially infested soils 
in the July-August 2007 season. This experiment was replicated once. Fresh soil was obtained from a 
field at National Agricultural Laboratories Institute-Kawanda (NALI) with no history of bean root rot 
disease. Artificial inoculations were done using Pythium spp. isolated from other crops apart from beans. 
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These isolates were P. ultimum and P. spinosum. The isolate MS 61(P. ultimum var. ultimum) found to be 
pathogenic to beans was also used. These isolates were inoculated in wooden flats (42 cm x 72 cm x 11 
cm) with an estimated population of about 200-300 cfu g-1. After 14 days, sorghum, maize and CAL 96 
were sown separately in wooden flats containing each of the Pythium isolates. Each crop was planted in 6 
rows of 12 plants, making a total of 72 plants in a wooden flat. Every week after planting one row was 
harvested. Plant stand, root rot severity and crop dry matter were recorded every week beginning a week 
after sowing until harvest (three weeks later). The screen house experiment was repeated once. Plant 
emergence, disease severity scores and dry matter data were subjected to analysis of variance (ANOVA) 
using SAS computer package. Means were compared using Fisher’s least significant difference test at 5 % 
probability level (SAS Version 9.0 SAS Institute, Cary, NC). AUDPC was also calculated. 
 
Results and Discussion 
i) Plant stand of maize, sorghum and CAL 96 after inoculation with P. ultimum, P. spinosum and MS 
61(P. ultimum var. ultimum): In experiment one, the plant stand of maize and CAL 96 decreased 
gradually from week 1 up to week 3 after planting with P ultimum, MS 61(bean pathogenic Pythium 
isolate) and P. spinosum (Table 114). In the case of sorghum, there was no decrease in plant stand over 
the weeks except a slight decrease with the isolate P. spinosum. With maize and CAL 96, the least 
number of plants at week 3 were with the isolate P. ultimum. Maize and CAL 96 with P. ultimum by week 
1 had plant stands of 83% and 92% indicating that there were some seeds that did not emerge. When P. 
ultimum and MS 61 were compared, P. ultimum had more pre-emergence damping off since less plants 
were present at plant stand from week 1 (83%) to week 3 (72%) compared to MS 61 which had 97% 
plants in week one and 86% plants in week three with bean variety CAL 96. P. ultimum had the least 
emergence of seedlings with CAL 96 and maize implying that this isolate caused pre-emergency damping 
off in those two cultivars. In addition, P. ultimum appeared to have a greater effect on emergence of 
seedlings compared to MS 61 suggesting that this isolate infects the seed and causes more pre-emergence 
damping off in the seedlings than MS 61. The plant stand of sorghum was not affected by all the Pythium 
isolates suggesting that this crop does not undergo pre-emergent damping off. 
 
Table 114.  Plant stand scores of maize, CAL 96 and sorghum after inoculation with Pythium species in 
 Experiment One. 
 
 Week 1 Week 2 Week 3 
Crops P.spin. P.ult. MS 61 P.spin. P.ult. MS 61 P.spin. P.ult. MS 61 
Maize 97a 83a 97a 86ab 75b 97a 81ab 72b 86a 
CAL 96 97ab 92b 100a 92b 89b 100a 92a 72a 78a 
Sorghum 89a 100a 100a 89a 100a 100a 83a 100a 100a 
          
a) Means within the same row followed by similar letters are not significantly different at P≤0.05, CAL 96= 
susceptible bean variety,  Control=noninoculated; P. spino=P. spinosum; P.ulti=P. ultimum; MS 61= P. ultimum 
var.ultimum 
 
ii) Disease severity of maize, sorghum and bean varieties after inoculation with P. ultimum, P. spinosum 
and MS 61(P. ultimum var. ultimum): Generally, there was a gradual increase in disease severity from 
week one after planting until harvest (Table 115). This suggests that Pythium inoculum in soil tends to 
increase especially in the presence of all the favourable factors (susceptible host, pathogen and 
environment) necessary for the thriving of this pathogen. Population levels of soil borne pathogens 
influence incidence and severity of root rots (Buruchara and Scheidegger, 1993). At week 3, the highest 
disease severity (8.93) was with the isolate MS 61 on the susceptible bean cultivar CAL 96. However at 
week 3, the lowest disease severity (3.31) was obtained with P. spinosum on sorghum. P. spinosum was 
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highly pathogenic to the cultivar CAL 96 (7.82) but mildly pathogenic on sorghum (3.31) and maize 
(4.1). On the other hand, P. ultimum was mildly pathogenic to all three crops, i.e., CAL 96 (5.91), maize 
(5.38) and sorghum (4.32). MS 61 was highly pathogenic on CAL 96 (8.93) and sorghum (6.39) while 
being mildly pathogenic on maize (5.92). These results suggest that MS 61 is more virulent than P. 
ultimum because MS 61 was more pathogenic to CAL 96 than P. ultimum, and was comparable to P. 
ultimum in pathogenicity on the other crops. Since MS 61 is isolated from bean cultivars (Mukalazi, 
2004) while P. ultimum and P. spinosum were isolated from non-bean host crops during this study, MS 61 
may possess certain virulence genes that may be absent in P. ultimum. Since MS 61 was isolated mainly 
from susceptible bean varieties, this pathogen contains highly virulent genes, which exerted their 
virulence on CAL 96 and sorghum in this study. 
 
Table 115.  Disease severity in maize, CAL 96 and sorghum after inoculation with Pythium species in 
 Experiment 1.  
 
 Week 1 Week 2 Week 3 
Crops P.spin. P.ult. MS 61 P.spin. P.ult. MS 61 P.spin. P.ult. MS 61 
CAL 
96 
3.32a 3.25a 2.77a 5.66b 4.54c 7.79a 7.82b 5.91c 8.93a 
Sorg 1.54b 1.40b 2.42a 2.19b 2.63b 4.33a 3.31b 4.32b 6.39a 
Maize 1.53b 1.76b 2.21a 2.94b 3.81a 4.14a 4.1b 5.38a 5.92a 
a) Means within the same row followed by similar letters are not significantly different at P≤0.05 b) Crops CAL 96= 
susceptible bean variety c) Treatments Control=noninoculated; P.spino=P.spinosum; P.ulti=P.ultimum; MS 61 
P.ultimum var.ultimum 
 
iii) Area under disease progress curve (AUDPC) of CAL 96, sorghum and maize after inoculation with P. 
ultimum, P. spinosum and MS 61: Similar to the disease severity scores, the area under disease progress 
curve (AUDPC) was highest with the Pythium isolate (MS 61) for CAL 96, sorghum and maize (Figure 
83). The area under disease progress curve for maize, sorghum and CAL 96 was highest with MS 61 
suggesting that this isolate was most pathogenic from week 1 to week 3. 
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Figure 83.  i) Area under disease progress curve (AUDPC) for CAL 96, sorghum and maize with the 
 Pythium  isolates ii) The Pythium isolates 1= P.spinosum;2=P.ultimum,3=MS 61. 
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3.3.3   Infection process of Pythium spp. isolated from other crops using electron microscopy 
 
Rationale: Pythium is a genus of soil borne oomycete with a worldwide distribution (Martin,1995). The 
ability of highly pathogenic Pythium species including P. ultimum, P. aphanidermatum and P. 
irregulare, to induce plant wilting and root rotting has been abundantly documented (Blanchard et 
al.,1992). Colonisation of plant roots by Pythium causes damping-off, severe necrosis and rots on the 
roots and stems of mature plants (Rey et al., 1998). Pythium species have been isolated from several 
plant species and including in this study evidence of disease development shown. In earlier parts of this 
study Pythium species were found to cause visible symptoms of infection on roots and shoots. Some of 
these species did not show any visible symptoms of infection. In this context, the occurrence of various 
Pythium species in necrotic as well as asymptomatic roots raises a question as to the extent to which 
such fungi are involved in disease expression (Hodges and Coleman, 1985). Other studies have shown 
that Pythium infections may affect plant growth and yield without causing any visible symptoms on 
roots (Rey et al., 1998). This study was set up to investigate the potential mode of infection of P. 
ultimum and P. irregulare in maize, sorghum and bean crop species.  
 
Materials and Methods:  Experiments to investigate infection of commonly found crops in bean-
intercrops were studied using bean derived Pythium species (Mukalazi, 2004). Pythium species used 
were P. ultimum (MS 21) and P. irregulare (DFD 47). These species were raised in autoclaved millet, 
mixed with sterile soil and consequently inoculated in sterile soil. The trays were set up in a completely 
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randomized block design (CRBD) with three replications. Maize, sorghum, CAL 96 (susceptible bean 
variety) and AND 1062 (resistant bean variety) were planted in the trays. Every week until three weeks 
the various crops were harvested for light and electron microscopy 
 
Light microscopy: Samples from inoculated and mock treated roots of each crop were collected, 7 days, 
8 days and 9 days after planting. The root samples were cut using a sharp blade and placed in acetic acid 
for 24 hours so as to clear and fix the tissue. Afterwards the roots were stained in lactophenol-tryphan 
blue (25% w/v phenol crystals, 50% lactic acid, and 2.5 mg/ml tryphan blue) for 4 minutes, then 
mounted on a glass slide and fixed in 80% glycerol. The roots were viewed under a light microscope 
Laborlux D (Leitz Wetzlar, Germany). Pictures were taken with a digital camera at x 40 magnification. 
 
Electron microscopy: Samples from inoculated and control roots of each crop were collected 7, 8 and 9 
days after planting. Root samples were then immediately fixed in 2.5 %( vol/vol) phosphate buffer-
glutaraldehyde (0.1M, pH7.2) for 24 hours. All samples were post fixed for 1 hour in 1 % osmium 
tetroxide in water. The samples were then dehydrated in graded series of ethanol i.e. 25%, 50%, 70%, 
90% and three times in 100% for 20 minutes each time. The samples were dried at the critical point with 
carbon dioxide using SAMDRI-80A.Gold plating of the samples at 30 nanometers was done 
(HummerVII Sputtering System). The samples were then observed in a Scanning Electron Microscope 
(Marca Jeol JSM-820). 
 
Results and Discussion: 
 
i) Infection of sorghum with P. irregulare and P. ultimum 
In the electron micrographs with P. irregulare, one week after planting, the root tissue in the non-
inoculated control, had no sign of Pythium hypha on the surface of the root tissue. In addition, the 
epidermal cells were firm and intact (Figure 84 a). Eight days after planting, the oomycete hypha was 
found to form an intertwining network of hyphae in the epidermis (Figure 84 b).  
 
In contrast the electron micrographs with P. ultimum, found the sorghum root tissue having a lot of 
hyphae attached to the surface of the root and also present in the endodermis and epidermis (Figure 84 
b).These results suggest that P. irregulare is more virulent to sorghum compared ed to P. ultimum 
because the latter species was able to penetrate the root tissue and ramify itself in the interior of the 
tissue. 
 
For CAL 96 (susceptible bean variety) when examined under the electron microscope, the non-
inoculated control did not show any sign of presence of oomycete hyphae. However the bean tissue 
when inoculated with P. irregulare, eight days after planting showed the oomycete hyphae making 
contact with the root surface (Figure 85 b). The appressorium of the hyphae at this stage had begun to 
bend towards the epidermis.  
 
In contrast CAL 96 inoculated with P. ultimum, was observed at 8 days after planting to have the thinner 
hyphae making its way into the epidermal tissue (Figure 85 d).The presence of two different kinds of 
fungal hyphae suggest that P. ultimum is more virulent as a pathogen than P. irregulare and the thinner 
hypha may be mediating infection of the thicker fungal hyphae. 
 
These results also confirm that sorghum is an alternative host of bean pathogenic Pythium species 
because it was infected extensively by P. irregulare in a similar manner to CAL 96 (susceptible bean 
variety). 
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P. irregulare 
a) Non-inoculated control b) Sorghum tissue collected 8 days after planting. 
c) Non-inoculated control d) Sorghum tissue collected 8 days 
after planting. 
P.ultimum 
Figure 84.  Scanning electron micrographs of sorghum tissue: non-inoculated and 8 days after 
 planting with P. irregulare 
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Figure 85. Scanning electron micrographs of CAL 96 tissue (susceptible bean variety) non- 
  inoculated and 8 days after planting with P. irregulare and P. ultimum respectively 
c) Non-inoculated control 
d) Tissue collected 8 days after planting.  
P. irregulare 
P. ultimum 
a) Non-inoculated control b) Tissue collected 8 days after planting.  
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3.3.4   Phenological and pathogenic characterization of Bean Landraces from South West Uganda 
 
 
Rationale: Beans are mainly grown as variety mixtures in SW Uganda to protect against total crop loss 
due to pests, diseases, and bad weather. Farmers adjust their mixture compositions depending on the 
season and prevailing weather conditions and this process has resulted in a large phenotypic diversity of 
beans consisting of various seed sizes, colors, and textures to meet the growing conditions and market 
demands. 
 
Bean root rots caused by the fungus Pythium spp. is a major biotic constraint to bean production the 
region. Losses due to the disease can be as high as 100% when susceptible varieties are grown in the 
absence of control measures. SW Uganda is the leading producer of Uganda’s bean supply and is the most 
hit by root rot epidemics mainly due to its weather which favors disease development and due to land use 
intensification that propagates inoculum in the soil.   
 
In our continued effort to improve bean production therefore, we have started a systematic 
characterization of bean landraces from this region aimed at determining the available genetic diversity 
and resistance levels of bean germplasm to Pythium root rots. This will provide a guiding principle for 
increasing genetic diversity to smallholder farmers through introduction of new germplasm that meet the 
local needs as well the prevailing market preferences. 
 
Materials and Methods: 
 
i) Morphological characterization: During the survey of 2006, 80 different bean mixtures were sampled 
from farmers and separated out according to phenotypic appearance of seed. The different components in 
mixtures were separated according to seed size, colour, pattern, and shape. Seed size was based on seed 
weight for 100 seeds whereby seeds weighing less than 35g were classified as small, 35 to 50g as medium 
and >50g as large seeds. This resulted into 749 different bean lines of which 684 from 63 mixtures were 
planted out in the field for seed multiplication.  
 
The 684 lines were classified basing on the agronomic and phenotypic characteristics described by the 
International Board on Plant Genetic Resources for common bean (Table 116). At maturity the varieties 
were harvested as separate lines. 
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Table 116.    Morphological and phenotypic traits used in the study 
 
No. Trait Description 
1 Germination count Determined at full emergence 
2 Emerging cotyledon color Purple, Red, Green, White, Very pale green, others 
3 Hypocotyl pigmentation Purple, Green, Other 
4 Bracteole shape Lanceolate, Intermediate, and  Ovate 
5 Growth habit I, II, III, IV 
6 Leaf shape Triangular, Quadrangular and Round 
7 Leaf length In cm measured from 3 center trifoliate leaves  
8 Days to flowering No. of days from sowing until 50% of the plants have begun to flower 
9 Bracteole size Small, Medium, Large 
10 Leaf color of the chlorophyll Pale green, Medium green, Dark green 
11 Flower bud size Small, Medium, and Large 
12 Color of standard White, Green, Lilac, White with lilac edge, white with red stripes, 
Dark lilac with purple outer edge, Dark lilac with purplish spots, 
Carmine, Purple, Others 
13 Color of wings White, Green, Lilac, White with carmine stripes, Strongly veined in 
red to dark lilac, Plain red to dark lilac, Lilac with dark lilac veins, 
Purple, Others  
14 Position of pods Base, Center, Top, Combination 
15 Pod beak position Marginal, Non-marginal 
16 Pod beak orientation Upward, Straight, Downward 
17 Pod curvature Straught, Slightly curved, Curved, Recurving 
18 Number of pods per plant Average number of fertile pods per plant from 10 plants 
19 Seed yield per plant, Kg ha-1 Determined on the basis of total no. of harvested plants per plot 
20 100-seed weight Average 100-seed weight (14% moisture) 
 
 
Cluster analysis was performed on 498 agronomically characterized lines which had more 100 seeds 
available and 20% of them (100 lines) were randomly selected for further phenological characterization. 
Lines clustered into particular clades were proportionately selected for inclusion in the 100 lines to 
achieve a representative diversity as well a manageable number of lines. CAL 96 and RWR 719 were 
included as Andean and Mesoamerican gene pool checks respectively. 
 
The trial was set up as a completely randomized block design with two replicates. Twenty seeds of each 
line were planted on a row plot (2 meters long) with a spacing of 10 cm between the seeds and 25 cm 
between the plots. A fertilizer, DAP was added at a rate of 125 kg ha-1 and weeding was done three times. 
Spraying using Dimethoate and benelate was done biweekly to protect from insect attack. Data on the 
agronomic characters was started immediately after germination. One plant from each plot and from both 
replicates was tagged and sampled for DNA analysis. For every plot, each of the tagged plants plus 3 
others were harvested separately, labeled and stored for further investigation. The season was of average 
rating for bean production. 
 
ii) Pathogenicity screening: In order assess the levels of resistance of the different  landraces to Pythium 
root rot, 499 lines which had sufficient seeds were screened against a known pathogenic isolate, Pythium 
ultimum,  in the screen house at Kawanda Agricultural Research Institute. Inoculum of the pathogenic 
isolate was raised on sterilised finger millet and eventually mixed at a ratio of 1 inoculum: 8 sterilised soil 
in wooden trays. The experiment was set up following a complete randomized-block design with two 
replications and repeated once.  A resistant and a susceptible bean variety were included as checks. At 3 
weeks after planting the plants were uprooted and washed for evaluation using CIAT evaluation method 
and scale. 
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Results and Discussion: 
 
i) Morphological Characterization 
 
In general, small seeded varieties more than doubled large seeded varieties in the collection (Table 117) 
with medium size being second most abundant. Previous studies carried out in eastern and central Africa 
show that less than 1% of over 5000 varieties (Buruchara, 2003) have some form of resistance and of 
these more than two-thirds were of small or medium seed types of Mesoamerican genotype. The disease 
is severe on the large-seeded Andean bean genotypes (Buruchara, 2003). Therefore the relative 
abundance of small seeded varieties could be attributed to the selection pressure due to root rots despite 
the wider preference for large seeded beans. Elongate flat seed shape was the most common while round 
oval was the least common. As regards seed color, primary cream colored varieties were most common 
while red was least common. The monochrome color pattern and shiny seed coat brilliance were the most 
common in the seed mixtures (Table 117). 
 
 
Table 117.    Seed morphology characteristics of bean mixture components. 
 
 
Parameter 
 
Character 
Proportion (%) 
Before selection After selection 
Seed size* 
 
 
Small 
Medium 
Large 
41.6 
36.9 
19.7 
47.9 
35.4 
16.7 
Seed shape* Elongate flat 
Elongate oval 
Round flat 
Round oval 
52.7 
6.5 
32.2 
6.7 
49.5 
5.4 
38.8 
6.2 
Dominant primary seed 
color** 
 
Cream 
Maroon 
Purple 
Red 
42.2 
12.2 
10.9 
8.5 
43.5 
11.6 
9.1 
9.5 
Dominant secondary seed 
colors** 
Black 
Cream 
Grey 
Purple 
Red 
9.0 
5.9 
4.8 
5.6 
4.3 
28.7 
13.3 
16.6 
13.3 
6.1 
Color pattern* Monochrome 
Speckled 
Zebra-stripped 
Mottled 
50.5 
19.2 
9.0 
8.7 
64.4 
10.3 
15.6 
9.7 
Seed coat brilliance* Shiny 
Dull 
46.8 
51.5 
- 
- 
* Relative percentages 
** Percentages do not add to 100 because only dominant colors are reported here 
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During a survey conducted and in SW Uganda reported in last year’s annual report, farmers had 59 local 
names for the 498 characterized varieties. The most frequently encountered variety was Bwanalisi 
followed by Rushare, then Kachwekano (which resembles Nambale) and Biganza. Other frequently 
encountered varieties were Mwizarahenda, Kajamariki, Kabonobono, Kigome, and Bwiseri. Bwanalisi 
was more frequently encountered probably because farmers call a range of varieties with the same name 
e.g. Bwanalisi white (cream), Bwanalisi yellow whereas some referred to Bwanalisi yellow as Mutiki. 
Bwanalisi mottled black on a cream primary color (Figure 86) was called Nyirakabonobono by Kisoro 
farmers. Kajamariki are of two types: those with black and those with brown speckles. Biganza also had 
types: Biganza bya madam (cream), Biganza bya ompure and Nyirabiganza. Some farmers in Kisoro 
referred to Rushare as Rutatigandirwa while others called Kigome brown strips Katarikawe. 
 
 
 
 
 
 
Figure 86.   Varieties making major components of various farmers’ bean mixtures 
 
 
Local names per se would therefore be misleading as a factor for collection and/or characterization of 
bean landraces since these names vary from community to community and often a single name is used to 
refer to a range of seeds of divergent lineages in terms of morphology and hence genetic make up. This 
lack of broadly applicable methodology for describing intra- and inter-population variation of a crop 
species is a serious constraint facing efforts to understand and enhance on-farm conservation and 
management of genetic resources. A detailed morphological and molecular characterization would 
provide the most efficient strategy for delineating specific differences between these varieties. 
 
Mwizarahenda 
Kigome Kigome 
Kajamariki Kajamariki 
Kachwekano 
Bwiseri 
Rushare Biganza 
Biganza Biganza 
Bwanalisi Bwanalisi Bwanalisi 
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This study reports a phenotypic characterization conducted on 100 lines representing 20% of the 
collection. A correlation analysis revealed significant positive and negative relationships between seed 
traits and the various phenotypic characteristics recorded. There were significant positive and negative 
correlations between various seed morphologies and phenotypic characteristics (Table 118).  Pod beak 
position showed the least significant correlation with other traits producing only one weak positive 
correlation with seed shape and a weak negative correlation with plant type. Flower characteristics and 
seed size had the highest number of positive and negative correlation with other seed and phenotypic 
traits. The highest observed correlation was between color of wings and color of standard (r = 0.99, 
P<0.01). Correlation between different traits is generally due to presence of linked genes and epistatic 
effect of different genes. However, the genetic and environmental effect on phenotypic expression makes 
phenotypic correlation inadequate for determining genetic correlation (Saleem et. al., 2006).  
 
As regards resistance to bean root rot, there was a significant positive correlation between seed size and 
root rot reaction (r=0.12). Of the 99 resistant lines recorded, 40 were small seeded, 42 were medium 
while 17 were large seeded, while, 42.2% of the 83 susceptible lines were large seeded whereas 37.3% 
and 20.5% were intermediate and resistant respectively. This is in congruence with previous studies by 
Buruchara (2003) which found that small seed varieties were more resistant to root rots compared the 
large seeded varieties.  
 
ii) Pathogenicity screening: On first screening, 103 lines (20.7%) were resistant (disease score 1-3), 274 
lines (55%) were intermediates with disease score 4-6 and 121 lines (24.3%) were susceptible with 
disease score 7-9 on the CIAT 1-9 scale. The resistant check RWR 719 gave an average reaction of 2.4 
and susceptible CAL 96 had a score of 8.  
 
After the addition and mixing of more inoculum in the trays, a second screening was done on the 103 
resistant lines of which 51 remained resistant, 46 were intermediates and 6 were susceptible. The resistant 
check, RWR 719 had a score of 5 while the susceptible check CAL 96 had a score 9. The shift in score 
level for the resistant check from resistance to intermediate level indicates that the inoculum was probably 
too strong. This in turn means lines showing tolerance could actually be in possession of the Pythium 
resistance gene. However it should be noted that these resistant lines could actually be some few 
genotypes recurring in different farmers’ mixtures. This will be confirmed by the molecular genetic 
analysis that will follow. 
 
Of the 51 resistant lines, 24 were collected from Kabale and 27 from Kisoro. On sub-county division, 
23.5% of the resistant lines came from Nyundo sub county (Kisoro), 21.6% from Hamurwa sub county 
(Kabale), 19.6% came from Kanaba subcounty (Kisoro), and 11.8% came from Bufundi (Kabale). Others 
were collected from Bubare, Kyanamira and Muko in Kabale and from Nyakabande and Nyarusiza in 
Kisoro. In terms of seed size 56% of these resistant lines are medium seeded and 31% are small seeded 
varieties while 13% were large seeded. According to seed shape, 53% of the resistant lines had elongate 
flat shaped seed and 33% had round flat seeds. Both elongate and round oval seed shapes comprised less 
than 8% of the resistant lines. Cream was the dominant primary and secondary seed coat color on these 
lines with 52% of the seeds monochromatic. Interesting to note was that all the resistant lines were of 
growth type IV i.e. intermediate with semi-climbing main stem and branches.  
 
A cluster analysis of the different landraces based on eight morphological differences revealed two 
distinct groups (Figure 87) corresponding to the Andean and Mesoamerican gene pools. Andean 
genotypes generally had larger leaves with ovate or lanceolate central leaflets and lanceolate or triangular 
bracteoles, longer internodes in the main stem, larger seeds, a stripeless standard on white flower and a 
central pod beak position. Mesoamerican types had striped standards and colored flowers, a placental pod 
beak position and cordate or ovate bracteoles 
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Table 118.    Correlation analysis between seed characteristics and phenotypic traits   
 
Trait Seed 
size 
SS PC SC P PT CS LS PdC PBP CW BS BSh BC 
Seed shape (SS) -0.45**              
Primary color (PC) 0.09 -0.09             
Secondary color 
(SC) 
0.31** -0.33** -0.05            
Pattern (P) 0.33** -0.17** -0.45** 0.30**           
Plant type (PT) -0.03 0.05 -0.01 -0.37** -0.07          
Color of standard 
(CS 
0.07 -0.09 -0.25** -0.46** 0.28** -0.06         
Leaf shape (LS) -0.21** 0.07 -0.02 -0.21** -0.12** 0.02 0.03        
Pod color (PdC) 0.22** -0.07 0.25** 0.25** -0.16** 0.03 -
0.42** 
-0.12*       
Pod beak position 
(PBP) 
-0.05 0.10* -0.05 -0.04 0.01 -0.09* 0.04 0.04 -0.07      
Color of wing 
(CW) 
0.08 -0.09 -0.25** -0.46** 0.28** -0.06 0.99** 0.02 -0.43** 0.04     
Bracteole size (BS) -0.37** 0.25** 0.10* -0.13 -0.29** 0.14** -0.08 0.12** -0.09* -0.03 -0.08    
Bracteole shape 
(BSh) 
-0.36** 0.26** 0.08 -0.10 -0.29** 0.13** -0.08 0.14** -0.09 -0.01 -0.08 0.96**   
Bracteole color 
(BC) 
-0.22** 0.08 -0.15** -0.45** 0.10* 0.03 0.52** 0.06 -0.39** -0.04 0.53** 0.23** 0.21**  
Root rot (RR) 0.12** -0.10* 0.02 0.36** 0.05 -0.37** 0.12** -0.10* 0.02 0.04 0.12** -0.19** -0.18** -0.04 
**  Correlation is significant at the 0.01 level 
*  Correlation is significant at the 0.05 level 
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Figure 87. Clustering of the 100 selected lines based on 8 variables using the Neighbour Joining 
 method. 
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Progress towards achieving output milestones: 
 
 
• Baselines determined as a first step toward the diagnosis of risks of resistance to all the several 
studied pesticides. 
 
• Among several isolates of two Pythium species, some displayed differential virulence on beans, maize 
and sorghum, while some isolates were highly virulent on more than one crop.  
 
• A morpho-agronomic characterization and pathogenic screening of a representative collection of bean 
landraces from the SW Uganda region has been carried out. Molecular characterization of these 
characterized varieties is planned. 
 225 
Output 4:  Approaches and methods developed and available for strengthening institutional,  
  organizational and collaborative capacity of NARS and sub-regional networks in  
  Africa and Latin America 
 
Activity 4.1 Strengthened capacity of NARS: increasing the knowledge and skills of  scientists
 and staff from NARIs, NGOs and Rural Service Providers 
 
Highlights:   
 
• A total of fifty-seven students conducted research activities related to their thesis work, of which 
thirty seven were at CIAT HQ, and twenty in Africa.  Of these, five PhD students were as visiting 
researchers at HQ. 
• In Latin America, five Ph.D. candidates, six M.Sc. candidates, and ten pre-graduate students 
completed their research theses.  In Africa two PhD, five M.Sc. and one Bs. candidates completed 
their research theses.   
• A total of twenty-three students continue their studies, as follows: three Ph.D. candidates in 
Africa and four in Latin America, nine M.Sc. candidates in Africa and three in Latin America, 
and four pregraduate in Latin America. 
• Eight visiting researchers coming from Bolivia, Canada, Colombia, Cuba, Honduras and Uganda 
received training in different disciplines at headquarters 
• Several courses and workshops were held in Latin America and Africa  
• During this reporting period there were two joint steering committee meetings which brought the 
two networks, ECABREN and SABRN together where they reflected on the progress over the 
past 4 years, and planned activities to achieve the milestones contributing towards achieving the 
goals in the final year of the project.  
  
4.1.1   Degree and non-degree training in Latin America 
 
Students:  
 
Name Degree Status University Title 
 
Ph.D. Candidates 
  
Enrique Bravo 
 
Ph.D. Completed Universidad del Valle, 
Cali, Colombia  
(F. Morales) 
 
Molecular characterization of the NL4 
strain of bean common mosaic virus 
Roseline Remans Ph.D. Completed Katholieke Universiteit 
Leuven, Faculteit Bio-
ingenieurswetenschappen 
(S. Beebe) 
Searching for nitrogen under phosphorus 
deficiency: the interplay between 
common bean (Phaseolus vulgaris L.), 
Rhizobium and plant growth-promoting 
rhizobacteria  
 
Andres Felipe Rangel Ph.D. Completed University of Hannover, 
Germany (I. Rao) 
Mechanisms of aluminum resistance in 
common bean 
Helena Reichel, 
CORPOICA 
Ph.D. Completed University of Gembloux, 
Belgium (F. Morales) 
 
Xiaoyan Zhang  Ph.D. Completed CAAS – Beijing, China 
(M. Blair)  
Evaluation of genetic diversity in 
Chinese accessions of common bean 
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Name Degree Status University Title 
 
Louis Butare, ISAR-
Rubona 
 
Ph.D. 
 
Continuing 
 
Gembloux Agricultural 
University, Belgium.   
(S. Beebe, I. Rao and M. 
Blair) 
 
 
Root development and root health of 
interspecific progeny of crosses between 
P. vulgaris and P.  coccineus 
Luz Nayibe Garzon 
 
Ph.D. Continuing Univ. Nacional de 
Colombia, Bogotá 
(M. Blair) 
 
Anthracnose resistance 
Gloria Santana, 
CORPOICA 
Ph.D. Continuing Universidad Nacional de 
Colombia, Palmira.   
(M. Blair/F. Morales and 
G. Ligarreto) 
 
Resistance to bean common mosaic 
virus 
León Darío Vélez Ph.D. Continuing Universidad Nacional de 
Colombia, Bogotá.   
(M. Blair/G. Ligarreto) 
 
Inheritance of intercropping ability 
between common bean and maize 
Homar Gill Langarica Ph.D. Visiting 
student 
Univ. de Tamaulipas, 
Mexico (M. Blair) 
 
Researched  bean diversity  
Lara Ramaekers  
 
Ph.D. Visiting  
student 
Univ. of Leuven, 
Belgium  
(M. Blair, and I. Rao) 
 
Biological nitrogen fixation 
Assefa  Teshale 
Mamo 
 
Ph.D. Visiting 
student 
Univ. of Padua – Italy  
(S. Beebe, M. Blair and 
J.M. Bueno) 
 
Conducting researching in bruchid 
resistance, drought tolerance and 
canning quality 
Asrat Asfaw Amele 
 
Ph.D. Visiting 
student 
Wageningen University, 
Netherlands 
(M. Blair and I. Rao) 
 
Genetic investigation of drought 
tolerance in common beans for Ethiopia 
and the ECABREN region 
Virginia Gichuru Ph.D. Visiting 
student 
Makerere University Training in Phytopathology 
 
M.Sc. Candidates 
    
María Helena Cuéllar M.Sc. Completed Universidad Nacional de 
Colombia, Palmira  
(F. Morales) 
 
 
Ana Karina Martínez  M.Sc. Completed Universidad Nacional de 
Colombia, Palmira  
(F. Morales) 
 
 
Carmenza Montoya M.Sc. Completed Universidad Nacional de 
Colombia, Palmira  
(S. Beebe) 
 
Evaluation of SCARs for resistance to 
mosaic virus in families of snap beans 
Linda Jeimmy  
Rincón Rivera   
 
M.Sc. Completed Universidad Nacional de 
Colombia, Bogotá  
(G. Mahuku) 
Virulence and molecular 
characterization of Colletotrichum 
lindemuthianum isolates from different 
bean production  zones of  Colombia 
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Name Degree Status University Title 
 
Nohra Rodriguez 
 
M.Sc. 
 
Completed 
 
Universidad Nacional de 
Colombia, Bogotá 
(M. Blair) 
 
Marker assisted selection 
 
Leopoldo Serrano  
 
M.Sc. 
 
Completed 
 
Universidad de El 
Salvador (F. Morales)   
 
 
Leonardo Duque  M.Sc. Continuing Universidad del Valle,  
Cali, Colombia  
(J.M. Bueno and  
S. Beebe) 
 
Evaluation of the use of the oil of 
limoncillo to repel Bemicia tabaci in 
bean 
Hugo Arley Jaimes  
 
M.Sc. Continuing Universidad Nacional de 
Colombia, Palmira  
(C. Cardona) 
 
Evaluation of bean interspecific hybrids 
for resistance to Acanthoscelides 
obtectus 
Paola Sotelo  
 
M.Sc. Continuing Universidad Nacional de 
Colombia, Palmira  
(C. Cardona) 
Inheritance of resistance to bean leaf 
crumpled virus in snap beans 
 
Pregraduate students: 
Alba Rocío 
Corrales  
B.Sc.  Completed Universidad del Tolima, 
Ibagué (F. Morales) 
 
 
Dennis Marcela 
Gómez  
B.Sc.  Completed Universidad del Tolima, 
Ibagué (M. Blair) 
 
Application of TILLING enzymes 
Laura Fernanda 
González 
B.Sc.  Completed Universidad Javeriana, Bogotá 
(M. Blair) 
 
Nutritional quality and diversity of 
Rwandan bean collection 
Laureano Alberto 
Hernandez Gray 
B.Sc.  Completed Universidad Nacional de 
Colombia, Bogota  
(G. Mahuku) 
Biological control of bean diseases: 
Investigating the potential biocontrol / 
plant growth promoting aspect of 
bacteria isolated from Morinda citrifolia 
 
Angela Iglesias 
García 
B.Sc.  Completed Universidad del Valle, Cali 
(G. Mahuku) 
Identifying and developing molecular 
markers linked to ALS resistance genes 
in the Andean genotype, G 5686 
 
Hernan Lopéz  B.Sc.  Completed Universidad de Antioquia, 
Medellin (M. Blair) 
 
Inheritance of aluminum toxicity stress 
tolerance 
Andres Jenuer 
Matta Miramar 
B.Sc.  Completed Universidad del Valle, Cali 
(G. Mahuku) 
Identification and development of 
molecular markers linked to Pythium 
root rot resistance in common bean 
genotypes MLB 49-89A and AND 1062 
 
Juliana Medina B.Sc.  Completed Universidad de Antioquia, 
Medellin (M. Blair) 
Inheritance of nutritional quality in 
Andean beans 
 
Natalia María 
Moreno 
B.Sc.  Completed Universidad Javeriana, Bogotá 
(M. Blair) 
Nutritional quality and diversity of 
Eastern and Southern African common 
bean varieties 
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Name Degree Status University Title 
Manuel Alfredo 
Rodelo  
B.Sc.  Completed Universidad Nacional de 
Colombia, Bogotá  
(F. Morales) 
 
 
Alejandro Chaves 
 
B.Sc.  Continuing Univ. Javeriana – Bogotá 
(M. Blair and J.D. 
Palacio/Humboldt) 
 
Diversity analysis of snap beans 
Aura Díaz Bravo  
 
B.Sc.  Continuing Univ. del Valle  
(M. Blair) 
 
HPLC analysis of phytate concentration 
in common bean 
Fredy Monserrate B.Sc.  Continuing Universidad Nacional de 
Colombia 
(G. Hyman and M. Blair) 
 
Stability analysis of biofortified lines  
María Alejandra 
Lozano 
B.Sc.  Continuing Univ. del Valle  
(M. Blair) 
HPLC analysis of tannin concentration 
in bean seed coats  
 
Non-degree training of visiting researchers: 
Name Staff Dates Institution Topic 
 
María Isabel 
Chacón 
 
M. Blair 
 
Aug-Sept 
 
Universidad Nacional de 
Colombia, Bogotá 
 
 
Genetic Transformation 
Ligia Carmenza 
Muñoz  
M. Blair Aug.-Oct. University of 
Saskatchewan 
Tannin analysis and genetic mapping of 
tepary bean microsatellites 
 
Teresa Avila M. Blair July Centro de Invest. Fitoeco-
genéticas  Pairumani / 
Univ. San Simon – 
Cochabamba, Bolivia 
 
Evaluation of genetic diversity in 
Bolivian accessions of common bean 
Juan Ortube  
 
M. Blair July Univ. Autónoma Gabriel 
Rene Moreno, Santa Cruz, 
Bolivia 
 
Organization of nutrition trial datasets  
Germán 
Hernández 
S. Beebe,  
and I. Rao 
April-May Estación Experimental La 
Renee, Insituto de Suelos, 
Min. de Agricultura, La 
Habana, Cuba 
 
Evaluation of rooting pattern in  
recombinant inbred lines of beans 
Juan Javier 
Elizalde G. 
I. Rao July-August Escuela Agrícola 
Panamericana, Honduras 
Methodologies selection of bean roots 
under controlled conditions  
 
Mauricio 
Guzmán 
 
I. Rao July-August Escuela Agrícola 
Panamericana, Honduras 
Methodologies selection of bean roots 
under controlled conditions  
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Courses and Workshops: 
 
Date Title Duration (days) 
Total 
No. 
participants 
No. of 
female 
participants 
No. 
of CIAT 
instructors 
Nov. 22/07 Training on Whiteflies as Pests and Virus Vectors 1 13 2 2 
Nov. 6/07 Whitefly Samplig and Identification 2 120 10 1 
Nov. 7/07 Pest of beans their control 1 38 10 1 
Oct. 30/07 Whitefly management in snap and dry beans 1 20 5 1 
Jul. 2007 Resistance of Whiteflies to Pesticides 3 400 200 1 
Aug. 31/07 
International Course about Integrated 
Management of Cassava and Bean Crops, 
Forages and Soil Conservation for the 
Strengthening of CAIS of Latin America, 
Caribbean, Mexico and Honduras  
11 20 5 7 
Jun. 20/07 
Agriculture and Forest Development 
Direction Jujuy – Republic of Argentina 
Management Pest 
1 2 - 2 
Jun. 6/07 Management of Pests in Beans -  Tolima University 1 30 15 1 
May 24/07 Morphological Identification of Whiteflies and Mass Rearing Methods 2 2 1 1 
May 7/07 Training on Bean Pests and Situation of Whiteflies in Colombia 1 33 7 2 
Apr. 24/07 Training on Whiteflies as Pests and Virus Vectors 1 30 10 3 
Apr. 18/07 Training on Sampling of Whiteflies 1 7 - 1 
Apr. 18/07 Whiteflies as Pests in Colombia  1 150 5 1 
Apr. 17 /07 Training on Sampling of Whiteflies 1 20 - 1 
Feb. 15/07 Training on How to Collect Whiteflies 2 15 3 1 
Feb. 26/07 Methodologies to Measure Resistance to Pesticides – Ecuador 12 1 - 2 
Jan. 24/07 Whitefly’s Situation 3 300 16 1 
 
 
AgroSalud Project Meeting in Antigua, Guatemala  
 
In Candelaria Antigua Hotel, in Antigua, Guatemala, during the PCCMCA from 21 to 27 April, 18 
participants from Costa Rica, Colombia,  El Salvador, Guatemala, Mexico, Nicaragua, and Panama, 
attended the AgroSalud Project meeting with the objectives of sharing experiences in the different crops; 
to interchange information about micronutrient evaluation methods; to learn about the physiology of  
micronutrients in human nutrition, and the nutritional condition of the Central American population; 
to review means for seed diffusion developed in collaboration with partners  in several sectors; and to 
review the  most recent data for several crops and to develop  work plans by country  for the year 2007.   
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Nutribean Project Workshop on IPHIS 
 
and on Legume rhizobia symbiosis, at the University of 
Nairobi  
This meeting sponsored by VLIR-UOS and ECABREN and SABRN networks was held at Milimani 
Hotel in Nairobi from February 25 to March 1st
 
 with the attendance of 20 participants from Belgium, 
Colombia, Kenya, Malawi, Mozambique, Rwanda, Tanzania, Zambia and Zimbabwe with the objective 
of launching the Nutribean project, and  to train attendees in the use of IPHIS for the storage and recovery 
of pedigree data of bean breeding materials.  
4.1.2 Degree and non-degree training in Africa 
 
Name Degree Status University Title 
 
Ph.D. Candidates 
   
Geoffrey Kananji Ph.D. Completed University of Natal 
(S. Africa) 
Improvement of dry bean resistance 
to bruchid in Malawi 
Claire Mukankusi Ph.D. Completed University of Kwa 
Zulu – Natal-RSA 
Breeding beans (Phaseolus vulgaris) 
for resistance to Fusarium root rot 
(Fusarium solani f.sp phaseoli) and 
large seed size in Uganda 
 
Virginia  Gichuru Ph.D. Continuing Makerere University, 
Kampala, Uganda 
Symptomatology and characterization 
of Pythium spp. of major crops in a 
bean based cropping system in south-
western Uganda 
 
Nkonko Mbikayi Ph.D. Continuing University of Leuven 
(KUL)/UON 
Inheritance and selection for grain 
mineral concentration and 
enhanced N2 fixing capacity in 
common bean (Phaseolus vulgaris L) 
 
John Muthamia Ph.D. Continuing University of Leuven 
(KUL)/UON 
Quantification of the agronomic 
contribution of the various Plant 
Growth Promoting Rhizobacteria 
(PGPR) and VAM singly and in 
combination on selected bush bean 
and climbing bean varieties. 
  
M.Sc. Candidates 
   
 Kennedy Muimui M.Sc. Completed University of Nairobi Inheritance of resistance to common 
bacteria blight and selection for 
multiple resistance to rust and angular 
leaf spot in yellow and navy bean 
genotypes 
 
Joram Lunjalu Okotsi M.Sc. Completed University of Nairobi Variability in iron, zinc and protein 
concentration in common bean 
genotypes 
 
Benard Okonda M.Sc. Completed University of Nairobi Effect of liming and inorganic 
fertilizers on seed iron and zinc 
concentration 
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Name Degree Status University Title 
Yealembirhan Molla M.Sc. Completed 
 
Haramaya University, 
Ethiopia 
Wheat seed systems in  northern 
Shewa 
 
Godwill Makunde M.Sc. Graduated University of Zambia Inheritance studies in drought 
resistance in common beans 
 
Buah Stephen M.Sc. Continuing Makerere University, 
Kampala, Uganda 
Phenological and pathogenic 
characterization of Bean Landraces 
from South West Uganda 
 
Antoine Kanyenga 
Lubobo 
M.Sc. Continuing Lumumbashi 
University, DRC 
Breeding for Bean Root Rots 
Resistance in Southern midland of 
DRCongo 
 
Mwesigwa Jasper M.Sc. Continuing Makerere Characterization of races of C. 
lindemuthianum in Uganda 
 
Francoise 
Muroronkwere 
M.Sc. Continuing Makerere University, 
Kampala, Uganda 
Improving resistance to bean 
common mosaic virus and bean 
common mosaic necrotic virus in 
common bean using  marker assisted 
selection 
 
Augustine Musoni M.Sc. Submitted 
thesis 
University of Nairobi Inheritance of resistance to Fusarium 
wilt (F. oxysporum f.sp. phaseoli) and 
selection of marketable climbing bean 
varieties with multiple disease 
resistance 
 
Phionah Nabukalu M.Sc. Continuing Makerere University, 
Kampala, Uganda 
 
Improving resistance to anthracnose 
Kandie, Philip M.Sc. Continuing University of Nairobi Integrated management of bean  
bruchid in eastern Kenya. 
 
Geoffrey Wachira M.Sc. Continuing University of Nairobi Screening common bean cultivars for 
resistance to bean fly 
 
Pregraduate students: 
 
Stephen Mutange BS. Completed University of Nairobi Effect of seed size and age on 
germination capacity 
 
Non-degree training of visiting researchers: 
 
Name Staff Dates Institution Topic 
Sebuliba, Suleiman P.Kimani Sept. CIAT-Uganda Short term training in gamete selection 
and  breeding for micronutrients 
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Training Courses and Workshops: 
 
Date Title Duration 
(days) 
Total No. 
participants 
No. Women 
participants 
No. of 
CIAT 
instructors 
No. of NARS 
instructors 
25 Feb. –  
1st March 
Nutribean Project Workshop on 
IPHIS 
5 
and on Legume rhizobia 
symbiosis, at the University of 
Nairobi  
20 2 2  
5-6 March Seed Aid and Seed Security Outreach 
Meeting  (Pretoria South Africa) 
2 27 10 1 NGO 
instructor. 
12-14 March Participatory Variety Selection 
Training, Lilongwe Malawi 
(McKnight Project) 
3 15 5 3 0 
15-17 March Participatory Variety Selection 
Training, Vila Ulonge, Mozambique 
(McKnight Project) 
3 21 5 3 0 
18-21 March Participatory Variety Selection 
Training, Mbeya Tanzania  
(McKnight Project) 
3 26 7 3 0 
29-31 May Participatory Diagnosis and 
Community Awareness Training and 
Implementation 
3 41 3 1 2 
31 Jul-4 Aug. ERI Training for Extension Staff 5 36 3 5 1 
21-25 Aug.  Training in preparation of nutritive 
and income generating bean recipes 
with micronutrient rich bean 
Maharagi Soja in eastern DR Congo 
4 44 22 0 1 
18-19 Sept. Bean Drought Project: Launch 
Meeting in Kenya (Machakos, 
Kenya) 
2 34 5 2 collaborative 
11-12 Dec. National Seed Aid for Seed Security 
Meeting  (Addis Ababa, Ethiopia) 
2 52 3 1 8 
15-17  Dec. Participatory Variety Selection 
Training  (Kigali, Rwanda)  (BMZ 
project) 
3 35 15 1 2 
 Participatory Diagnosis Training in 
Chikwawa 
 12 1 2  
 
4.1.3    Trips and attendance of Headquarters staff at meetings 
 
The Mesoamerican bean breeder and project manager visited the following countries: 
 
Date Destination Event or purpose 
24-26 January  Washington DC, USA IFPRI, ferritin workshop 
21-27 April Guatemala LIII PCCMCA meeting and Agro-Salud Workshop 
18-24 August Brazil To visit AgroSalud and HarvestPlus projects of EMBRAPA-
Rice and Beans  
15-23 Sept. South Africa To attend GCP TL1 Kick-off meeting in Rustemburg Kloof  
24 Sept.- 3 Oct. Tanzania TL2 project launching meeting in Arusha 
3-4 Oct Ethiopia Discussion of collaboration on TL2 Project 
5-6 Oct Belgium Discuss future collaboration, donor contacts and thesis 
defense in Katholieke Universiteit Leuven 
23 Oct-5 Nov.  USA To attend BIC Meeting (50th Anniversary) in Madison and 
look for field machinery in Ames, Iowa 
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Date Destination Event or purpose 
27 Nov-3 Dec. Nairobi To participate in the interviews of candidates of the Project 
Manager position for TL2 Project (BMGF) 
16-19 Dec.  Nicaragua  Review and evaluation of drought trials 
 
The Andean breeder/germplasm specialist visited the following countries: 
 
Date Destination Event or purpose 
16-19 January  Cuernavaca, Mexico UNAM, sequencing project planning 
24-26 January Washington DC, USA IFPRI, ferritin workshop 
5-7 February  Medellin , Colombia Thesis exam Univ. de Antioquia 
19-20 February  Nairobi, Kenya  Kirkhouse Trust meeting 
24-26 May  Varenna, Italy Phaseomics meeting 
5-8 June  Pasto, Colombia 
 
Univ. de Nariño - Congreso Asociacion Colombiana de 
Fitomejoramiento 
July  12-14  Bogotá, Colombia Thesis exam Univ. Javeriana 
12-28 September  Benoni and Rustenberg, 
South Africa  
TL1 and GCP annual meetings 
2-4 October  Maracay, Venezuela INIA nutrition meetings 
8-20 October Beijing and Kunming Global Agricultural Science and Tech. Meeting, thesis exam, 
field visits – CAAS, YAAS 
22-25 October  Japan RIKEN and Kazuza Institute, Japan 
28 Oct. – 1 Nov.   USA Bean Improvement Cooperative Meeting. 
5-6 and 19-20 Dec. Bogotá, Colombia Thesis exams, planning for Colciencias project reports 
   
 
The bean entomology Research Associate: 
 
Date Destination Event or purpose 
June  Ecuador Visit to Fontagro project with INIAP 
December  Ecuador Visit to whitefly management trials 
December  Bolivia Visit to whitefly management farmers school 
 
The plant nutritionist: 
 
Date Destination Event or purpose 
7-18January  Harare, Zimbabwe 
Lilongwe, Malawi 
SAC meeting of TSBF 
Review the progress of BMZ-GTZ funded project on drought and 
aluminum toxicity 
11-13 March  Turrialba, Costa Rica External examiner of a PhD thesis  
22-27 April  Guatemala PCCMCA conference to make 2 oral presentations 
14-21 June  Honduras  Quesungual project meeting and interaction with CIAT-EPMR 
team 
24-30 June  ETH-Zurich, 
Switzerland 
Progress Forum of ZIL-Planning workshop of ZIL-SLP funded 
projects 
15-29 September  South Africa; 
Rwanda 
Kick-off workshop of the GCP-BMGF funded project on Tropical 
Legumes; Review of progress of BMZ-GTZ funded project on 
drought and aluminum toxicity 
21-24 October  Mexico Planning meeting of CYTED funded project on transgenic maize 
and beans 
4-9 November New Orleans, USA Present 1 oral and 2 poster papers at the Centennial meeting of the 
American Society of Agronomy  
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The bean pathologist: 
 
Date Destination Event or purpose 
27 July-2 Aug. San Diego, California To attend the APS annual meeting 
25-30 March Mozambique  Biotechnology, Breeding and Seed Systems for African crops, 
meeting organized and funded by Rockefeller 
 
Other trips: 
 
20-24 March A M.Sc. student,  assisted as lecturer at the ENIP 2007 (Encuentro Nacional de Investigación 
 en Posgrados of the Universidad Nacional, Bogotá, Colombia,  
22 Feb-1 March A System Analyst, attended the IPHIS Workshop in Nairobi 
 
Meetings and Workshops:  
 
• Mexico, 16-19 January, UNAM, sequencing project planning in Cuernavaca 
• USA,  24-26 January, IFPRI, ferritin workshop in Washington DC 
• Kenya, 19-20 February, Kirkhouse Trust meeting in Nairobi 
• Kenya, 25 Feb.-March 1st, Nutribean Project Workshop on IPHIS and on Legume rhizobia 
symbiosis, at the University of Nairobi  
• Mozambique, 25-30 March, Biotechnology breeding and seed systems meeting organized and 
funded by RF 
• Guatemala, 21-27 April, LIII PCCMCA meeting and Agro-Salud Workshop 
• Italy, 24-26 May, Phaseomics meeting in Varenna 
• Colombia, 5-8 June, Congreso Asociacion Colombiana de Fitomejoramiento, Univ. de Nariño in 
Pasto 
• Switzerland, 24-30 June, Progress Forum of ZIL-Planning workshop of ZIL-SLP funded projects 
• USA, 27 July-2 Aug., the APS annual meeting in San Diego, California 
• South Africa, 15-23 Sept., Kick-off workshop of the GCP-BMGF funded project on Tropical 
Legumes in Rustemburg Kloof 
• Tanzania, 24 Sept.- 3 Oct., TL2 project launching meeting in Arusha 
• Venezuela, 2-4 October, INIA nutrition meetings in Maracay 
• Mexico,  21-24 Oct., Planning meeting of CYTED funded project on transgenic maize and beans 
• USA, 23 Oct-5 Nov., BIC Meeting (50th Anniversary) in Madison 
• USA, 4-9 November, the Centennial meeting of the American Society of Agronomy in New 
Orleans 
 
Awards:   
• Dr. Matthew Blair received the Achievement Award at the meeting of the Bean Improvement 
Cooperative in recognition of outstanding scientific accomplishments relating to bean 
improvement 
• Second prize for a presentation in the professional/institutional category at the meeting of the 
Asociación Colombiana de Fitomejoramiento y Producción de Cultivos.   The prize was given for 
research that was likely to have a high social impact. 
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4.1.4      Trips and attendance of African staff at meetings 
 
The Plant Pathologist/PABRA Coordinator:  
 
Date Destination Event or purpose 
15- 17 Jan Lilongwe, Malawi Visit Malawi activities with DDG-research  
17-18 Jan Nairobi, Kenya TSBF/CIAT Africa/ RDC2 Meeting 
22-26 Jan Nyeri, Kenya PABRA Planning meeting 
4-11 Feb Cali, Colombia Planning workshop on CIAT products 
18-19 Feb Nairobi, Kenya East Africa Bean Breeding meeting, 
16-22 March  SSACP-MTP Development Workshop 
22-27 Mar Nazareth, Ethiopia PABRA SC Meeting 
27-30 March Maputo, Mozambique RF Conference 
10-12 April Kenya Visit partners 
21-17 April Bellagio, Italy Meeting 
12-24 May Cali, Colombia External project monitoring review (EPMR) 
4-8 June California University Authors workshop of chapters in “L Together” 
12-16 June Johannesburg, S. Africa FARA general assembly 
25-28 June Kenya / Uganda / Malawi Accompanying the EPMR Team 
2-3 September Nairobi, Kenya CIAT Coordination: TSBF 40th CIAT Anniversary 
17-19 September Machakos, Kenya Meeting BMGF – Seed Systems 
24-28 September Arusha, Tanzania Kick-off meeting of BMGF LII – Project 
1-6 October Mbeya, Tanzania ECABREN-SABRN Joint SC meeting 
10-12 October Gisenyi, Rwanda Implementation meeting of LK-PLS, SSACP 
17-19 October Nairobi, Kenya CIAT Africa Staff Meeting 
1-10 November RW/DRC/Malawi Visits to NARS 
18-23 November Cameroon Training workshop for WECABREN 
 
The SABRN Coordinator/Breeder: 
 
Date Destination Event or purpose 
20-30 Jan  Nyeri, Kenya Joint ECABREN and SABRN Steering Committee Meetings 
to review JEEP recommendations 
18-22 Feb  Nairobi, Kenya Discuss with Kirkhouse on marker assisted breeding with 
possibilities to develop a proposal 
25 Feb -  01 Mar   Nairobi, Kenya Short course on IPHIS 
01-05 Mar  Kampala, Uganda Prepare for PABRA Steering Committee Meeting 
15-22 Mar  Villa Ulongue, 
Mozambique and 
Mbeya, Tanzania 
Introduce the McKnight Foundation funded seed systems 
project and conduct PVS training for partners 
24-29 Mar  Nazareth, Ethiopia PABRA Steering Committee Meeting 
15-18 April  Kampala, Uganda Develop strategies to harmonize the Kirkhouse Trust proposal 
29 April – 07 May  Johannesburg Provide support to ARC and participate in FANARPAN 
stakeholders workshop 
10 May –07 Jun  Cali, Colombia  CIAT annual review and EPMR 
01-08 Jul  Kampala, Uganda Participate in workshop to develop a concept note for ERI 
17-22 Jul  Kampala, Uganda Reflect on PABRA indicators and agree on milestones – 
activities for the final year of the project 
11-23 Sep  Johannesburg and 
Rustenburg, South 
Africa 
Participate in the generation challenge program annual review 
meeting and the launch meeting for Tropical Legumes-1 
project 
30 Sep- 6 Oct  Mbeya, Tanzania Participate in the Joint SABRN-ECABRE SC meeting in 
Mbeya 
16-21Oct  Nairobi, Kenya Participate in the CIAT-Africa staff meeting 
13-18 Nov   Maputo, Mozambique Meeting with Jim Steadman of Bean-Cowpea CRSP to 
prepare for a call for proposals 
29 Nov -09Dec  Paris, France Participate in the communities to community triennial 
meeting for the McKnight funded CCRP projects 
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The ECABREN Coordinator: 
 
Date Destination Event or purpose 
21-28 January 2007 Nyeri, Kenya Joint ECABREN-SABRN Steering Committee Review and 
Planning Meeting 
05-06 February  Kampala, Uganda Attend meeting with CIDA representative 
07-09 February  Entebbe, Uganda TUUSI Inception Workshop 
01-04 March  Kampala, Uganda Finalization of PABRA Annual Work Plan 2007  
12-15 March Arusha, Tanzania ECABREN 2nd Projects Review & Planning meeting 
27-29 March Addis Ababa, Ethiopia PABRA Steering Committee meeting 
10-22 May  Cali, Colombia CIAT Annual Review and EPMR 
06-12 June Bukoba, Tanzania Monitoring climbing bean project activities and brainstorming 
with partners for proposal development   
14-18 June Lushoto & Tanga, 
Tanzania 
Monitoring climbing bean project activities and future strategy 
17-20 July Kampala, Uganda PABRA Review and Planning Meeting 
21-25 July Entebbe, Uganda 3rd ASARECA Board of Directors meeting 
03-06 September Entebbe, Uganda ECAPAPA Stakeholder priority setting workshop for the new 
program: Policy Analysis & Advocacy Program (PAAP)  
17-21 September Ngurdoto-Arusha, 
Tanzania 
2nd AfNet Symposium on ‘Innovations as Key to the Green 
Revolution in Africa: Exploring the Scientific Facts’ 
24-29 September Arusha, Tanzania Tropical Legume II Project Launching Meeting  
02-05 October  Mbeya, Southern Tanzania Joint Networks’ Steering Committee meeting 
16-20 October  Nairobi, Kenya CIAT Africa Annual Retreat 
19-24 November Bafoussam, Cameroon WECABREN Training Workshop on Research Methods on 
Common Beans  
26-30 November Njoro, Kenya Proposal writing training workshop for NARS partners 
4-6 December Kampala, Uganda Meeting with The New Responsible for PABRA  at CIDA 
 
The ECABREN Breeder: 
 
Date Destination Event or purpose 
21-28 January   Nyeri PABRA Joint SC workshop at Outspan Hotel 
19-22 Feb   Nairobi Kirkhouse Trust East African Bean workshop 
26-28 Feb   Nairobi IPHIS training workshop at Milimani hotel 
1-8 March   Nairobi BNF training workshop, CAVS, University of Nairobi 
12-16 March   Arusha, Tanzania Biofort and Snap bean workshops for ECABREN 
25-30 March   Maputo, Mozambique RF Third Breeding, Biotechnology and seed systems conference 
15-17 April   Kampala, Uganda Marker assisted breeding proposal development 
9-19 May   Cali, Colombia Annual Review and Planning meeting 
25-28 June   Kisumu, Nangina and 
Kawanda 
Field trips with EPMR team 
1-4 July   Kampala PABRA planning meeting and proposal development 
17-20 July   Kampala PABRA review meeting 
24-28 July   Lanet, Njoro, Kisii, 
Kisumu, Kakamega 
Eldoret, Kitale 
National performance trial technical committee field monitoring 
tour 
1-7 Sep   Sabatia, Kakamega Field visits to breeding nurseries and training technicians from 
Uganda 
13-15 Sep   Melkassa, Ethiopia Field visits to PPB, seed processing and breeding trials sites with 
media 
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Date Destination Event or purpose 
18-23 Sep   Rustenberg Kloof, S. Africa Tropical legume I inception meeting 
24-30 Sep  Arusha, Tanzania Tropical legumes II project inception meeting 
1-6 Oct.   Mbeya, Tanzania Joint ECABREN-SABRN steering committee workshop 
16-20 Oct   Nairobi CIAT Africa strategy meeting (Utalii Hotel) 
29 Oct-7 Nov   Madison, WI BIC conference and 50th Anniversary meeting 
18-24 Nov   Bafassoum, Cameroon Research methods training workshop for WECABREN 
25-30 Nov   Njoro, Kenya Proposal writing training workshop for ECABREN and SABRN 
scientists 
1-7 Dec  Njoro, Kenya Data analyses and management training workshop for ECABREN 
and SABRN scientists. 
 
The Monitoring and Evaluation Specialist:  
 
Date  Destination Event or purpose 
21-27 Jan Nyeri -Kenya Joint steering Committee Review SABRN & ECABRN 
31 Jan -3Feb Addis Ababa- Ethiopia M&E support to national Program under ILRI 
5-8 Feb Nairobi - Kenya BMGF Project writing 
22 – 27 Mar Nazareth- Ethiopia PABRA SC Meeting 
24-27 April Johannesburg – South Africa M&E mainstreaming in SDC funded programs 
13-27 May Cali Annual Review Meeting 
3-12 July Awassa - Ethiopia M&E support to national Program under ILRI 
26-29 Aug Lusaka - Zambia PABRA end of Phase Assessment 
18 – 22 Sept Harare - Zimbabwe PABRA end of Phase Assessment 
24-28 Sept Arusha- North Tanzania Kick off Meeting of BMGF LII -Project 
1-6 Oct Mbeya – South Tanzania ECABREN –SABREN Joint SC meeting 
10-13 Oct Mbeya - South Tanzania PABRA end of Phase Assessment 
17 – 19 Oct Nairobi- Kenya CIAT Africa Staff Meeting 
5 – 12 Nov CRV-Ethiopia PABRA end of Phase Assessment 
18-23 Nov Bafoussam- Cameroon Training workshop for WECABREN 
 
The Social Scientist: 
 
Date Destination Event or purpose 
1-4 Feb  Nairobi Kenya Consultation with Catholic Relief Services on Seed Security 
Assessment 
5-18 Feb  Addis Ababa and Asebe  
Teferi Ethiopia 
Local Seed Market Surveys—with NARS and CARE 
5-8 March Pretoria , South Africa Seed Outreach Seminar and consultation with 
OFDA/Regional NGOs on seed aid 
9-14 March  Lilongwe, Malawi PVS workshop and SABRN staff consultations 
15-17 March  Vlia Ulonge, Mozambique PVS Workshop 
18-21 March Mbeya Tanzania PVS Workshop 
20-24 May  Nairobi Kenya TLII Workshop and consultations with Kenya-based partners 
(including AGRA) 
9-18 July  Addis Ababa and Nazret 
Ethiopia 
Data Analysis with EIAR and meetings with MoARD 
16-20 Sept  Machakos , Kenya TLII Meeting in Kenya and consultations with NGO partners 
21-28 Sept  Arusha, Tanzania TLII cross objective meeting 
29 Sept – 5 Oct Addis Ababa Ethiopia Meetings with Ethiopian Seed Regulatory and Seed Aid 
agencies 
16-20 October  Nairobi Kenya PABRA Planning meeting 
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Date Destination Event or purpose 
7-12 Dec  Addis Ababa, Ethiopia  Seed Aid Meeting, preparations and meeting 
13-17 Dec  Kigali, Rwanda PVS preparation and Training 
18-19 Dec  Nairobi, Kenya Consultations with AGRA 
 
Meetings and Workshops:   
 
• Nairobi, Kenya, 17-18 Jan, TSBF/CIAT Africa/ RDC2 Meeting 
• Nyeri, Kenya, 21-28 Jan, PABRA Planning meeting, joint ECABREN and SABRN SC 
• Nairobi Kenya, 1-4 Feb., Consultation with Catholic Relief Services on Seed Security 
Assessment 
• Cali, Colombia, 4-11 Feb, Planning workshop on CIAT products 
• Kampala, Uganda, 05-06 Feb., meeting with CIDA representative 
• Entebbe, Uganda, 07-09 Feb., TUUSI Inception Workshop 
• Nairobi, Kenya, 18-19 Feb, East Africa Bean Breeding meeting 
• Nairobi, Kenya, 25 Feb -  01 Mar, Short course on IPHIS 
• Nairobi, 1-8 March , BNF training workshop, CAVS, University of Nairobi 
• Pretoria , South Africa, 5-8 Mar, Seed Outreach Seminar and consultation with OFDA/Regional 
NGOs on seed aid 
• Lilongwe, Malawi, 9-14 Mar, PVS workshop and SABRN staff consultations 
• Arusha, Tanzania, 12-15 Mar, ECABREN 2nd Projects Review & Planning meeting 
• Vlia Ulonge, Mozambique, 15-17 March, PVS Workshop 
• Nairobi, Kenya, 16-22 Mar, SSACP-MTP Development Workshop 
• Mbeya Tanzania, 18-21 Mar, PVS Workshop 
• Maputo, Mozambique, 25-30 Mar, Biotechnology breeding and seed systems meeting organized 
and funded by RF 
• Addis Ababa, Ethiopia, 27-29 Mar, PABRA SC meeting 
• Cali, Colombia, 10 May –07 Jun, CIAT annual review and EPMR 
• Nairobi Kenya, 20-24 May, TLII Workshop and consultations with Kenya-based partners 
(including AGRA) 
• Johannesburg, S. Africa, 12-16 June, FARA general assembly 
• Lushoto & Tanga, Tanzania, 14-18 June, Monitoring climbing bean project activities and future 
strategy 
• Kampala, Uganda, 01-08 Jul, PABRA planning meeting and proposal development 
• Addis Ababa and Nazret Ethiopia, 9-18 July, Data Analysis with EIAR and meetings with 
MoARD 
• Kampala, Uganda, 17-20 July, PABRA Review and Planning Meeting 
• Entebbe, Uganda, 21-25 July, 3rd ASARECA Board of Directors meeting 
• Entebbe, Uganda, 03-06 Sept, ECAPAPA Stakeholder priority setting workshop for the new 
program: Policy Analysis & Advocacy Program (PAAP) 
• Machakos, Kenya, 17-19 Sept., Meeting BMGF – Seed Systems 
• Ngurdoto-Arusha, Tanzania, 17-21 Sept., 2nd AfNet Symposium on ‘Innovations as Key to the 
Green Revolution in Africa: Exploring the Scientific Facts’ 
• South Africa, 11-23 Sep, Kick-off workshop of the GCP-BMGF funded project on Tropical 
Legumes in Rustenburg 
• Arusha, Tanzania, 24-28 Sept., Kick-off meeting of BMGF LII – Project 
• Addis Ababa Ethiopia, 29 Sept – 5 October, Meetings with Ethiopian Seed Regulatory and Seed 
Aid agencies 
• Mbeya, Tanzania, 1-6 Oct., ECABREN-SABRN Joint SC meeting 
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• Gisenyi, Rwanda, 10-12 Oct., Implementation meeting of LK-PLS, SSACP 
• Nairobi, Kenya, 17-19 Oct., CIAT Africa Staff Meeting 
• Madison, WI, 29 Oct-7 Nov , BIC conference and 50th Anniversary meeting 
• Maputo, Mozambique, 13-18 Nov, Meeting with Bean-Cowpea CRSP representative to prepare 
for a call for proposals 
• Bafoussam, Cameroon, 18-23 Nov., WECABREN Training Workshop on Research Methods on 
Common Beans 
• Paris, France, 29 Nov -09 Dec, Participate in the communities to community triennial meeting for 
the McKnight funded CCRP projects 
• Njoro, Kenya, 1-7 December , Data analyses and management training workshop for ECABREN 
and SABRN scientists. 
• Kampala, Uganda, 4-6 Dec, Meeting with The New Responsible for PABRA  at CIDA 
• Addis Ababa, Ethiopia, 7-12 Dec, Seed Aid Meeting 
 
 
Awards: 
 
• Paul Kimani received the best  research scientist 2007 award from  the  Faculty of Agriculture of 
the University of Nairobi for his research papers, professional leadership in plant breeding, 
resource mobilization and capacity building.  
 
 
 
Progress towards achieving milestones:    
 
 
• Two students who were doing their M.Sc. degree training in plant breeding graduated from the 
Universities of Nairobi and Zambia, respectively. Another student from Malawi, who was doing 
his Ph.D. studies in plant breeding completed and submitted his thesis at the University of 
KwaZulu Natal in South Africa, but has yet to graduate. These scientists add to the existing 
capacity for bean breeding in Malawi, Zambia and Zimbabwe. 
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Activity 4.2 Strengthen international collaboration through networks (Intra- and inter-  
  network collaboration), bi-lateral relations, and/or joint special projects 
 
Highlights:   
 
• The Pan African Bean Research Alliance (PABRA) continued to provide funding support to 
research for development sub-projects within the SABRN. 
• Additional funding came from McKnight Foundation in support of innovative bean seed systems 
in Malawi, Mozambique and southern highlands of Tanzania, as well as for introducing climbing 
beans in low altitude - warmer climates areas in Malawi and Mozambique  
• The regional bean network in eastern and central Africa initiated training of trainers in 
preparation of nutritive and income generating bean recipes using iron micronutrient rich bean 
‘Maharagi Soja’ in eastern DR Congo.  
 
4.2.1  Projects developed in Africa   
 
4.2.1.1  List of ongoing special projects   
 
Title Donor Funding  
period 
Total amount Amount to 
Partners 
(US $) 
Available to 
CIAT  
(US$) 
Effects of root rots on beans on 
Biodiversity  
Gines Mera 
Fellowship 
2006-2008 10,000   
Enhancing competitiveness of 
snap bean for domestic and export 
markets 
ASARECA/EU 
Funding suspended 
in June 2007 and 
could resume in 
early 2008 
2006-2009 €419,754   
Getting back to basics: creating 
impact-oriented bean seed 
delivery systems for the poor  in 
Malawi, Mozambique and 
Tanzania 
McKnight 
CIAT/SABRN in 
partnership with 
NARS in Malawi-
Tanzania and 
Mozambique 
2006-2010 US$ 418,940   
Improved Smallholder food 
Security, Nutrition and Income 
through Increased Production and 
Marketing of Climbing Beans.  
McKnight Initiated 
by ICRAF in 
partnership with 
NARS in Malawi 
and Mozambique 
and CIAT-
TSBF/SABRN 
2006-2010 US$ 418,940    
Nutribean VLIR/ 
Belgium 
2006-2011 US$ 384,000   
Improving Resilience of 
production systems in Great 
Lakes Region 
DGDC/ Belgium 2006-2011 € 1,938,392   
Bean root rot disease management 
in Uganda 
DFID-CPP 2005-2006 UK £ 76,927 UK £ 
47,600 
UK £ 29,327 
Promotion of Integrated Pest 
Management (IPM) Strategies of 
Major Insect Pests and Diseases 
of Phaseolus Beans in Hillsides 
Systems in Eastern, Central and 
Southern Africa 
DFID-CP 
Natural Resources 
International Ltd. 
(NRI) 
2005-2006 107,661 
 
- 40,000 
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Title Donor Funding  
period 
Total amount Amount to 
Partners 
(US $) 
Available to 
CIAT  
(US$) 
Enhanced utilization of nutrient 
rich beans for nutrition and 
income 
 
ASARECA/ 
USAID 
2005-2007 US 280,000 280,000 - 
Evaluation of biorationals for 
bean bruchid pest management by 
smallholder farmers in Lake 
Victoria Basin 
 
SAREC-SIDA, 
Sweden 
2005-2007 US $ 30,000 10,000 20,000 
Assessing The Effect of Long-
Term Seed Aid in Ethiopia 
 
IDRC 
No cost extension 
2005-2007 US 232,705 66,932 49,420 
Increasing Food Security and 
Rural Incomes in Eastern, Central 
and Southern Africa through 
Genetic Improvement of Bush 
and Climbing Beans 
(African component) 
 
RF 2005-2008 US  254,000 - 62,048 
East and Central Africa Bean 
Research Network –  
ECABREN Phase III 
USAID/ 
REDSO 
2007 
One year  
No- cost 
extension  
 
US 301,000 -  
Supporting improved nutrition, 
food security and community 
empowerment for poverty 
alleviation – PABRA 
 
SDC 2004-2007 
 
US2,165.139 
 
90,000 600,590 
Application of marker assisted 
selection (MAS) for the 
improvement of bean common 
mosaic necrotic virus resistance in 
common bean (P. vulgaris) 
 
USAID/ through  
ASARECA 
Competitive  
Grant System 
2004-2007 US  150,000 147,818 - 
Climbing bean & agroforestry 
interventions 
FARM-AFRICA 
MATF 
2004-2006 UK £59,997 UK £59,997 
 
- 
Supporting improved nutrition, 
food security and community 
empowerment for poverty 
alleviation – PABRA III 
CIDA 2003-2008 
 
 
US5,298.787 155,000 1,269.992 
 
 
 
4.2.1.2 Regional research subprojects under SABRN 
 
 
The SABRN activities are financed through PABRA, with funding from CIDA-Canada, and SDC-
Switzerland. Within PABRA there is strong emphasis on international collaboration through networking 
both within (SABRN) and between networks (SABRN and ECABREN).  Through network collaboration 
different countries implement research for development activities that contribute to the outputs and 
outcomes in the PABRA log frame. Table 119 shows the list of sub-project activities that were carried out 
by NARS partners under SABRN, in their contribution to the PABRA log frame in 2007. 
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Table 119. Contribution of NARS partners within SABRN to selected PABRA research for 
 development outputs in 2007. 
 
Activity set 1.1 Value $ Country 
1.1.1 Continue collection, characterization of the African land races for 
agronomic and mineral traits  
500 
500 
500 
500 
500 
Angola 
D R Congo 
Tanzania 
Zambia 
Zimbabwe 
1.1.2. . Conduct participatory variety selection for "fast track" lines in 
ECABREN (Burundi, Rwanda, Uganda, Kenya, Tanzania, Madagascar and 
Ethiopia) and SABRN 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Malawi 
Mozambique 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.1.3. Increase seed of promising "fast track" lines for PYT/AYT, for on farm 
testing with partners  
500 
500 
500 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Malawi 
Mozambique 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.1.4. Develop segregating populations  for micronutrient  500 
500 
500 
500 
500 
Malawi 
South Africa 
Tanzania 
Zambia 
Zimbabwe 
Activity set 1.2   
1.2.1 Continue to characterize; generate and evaluate segregating populations for 
resistance to major diseases, low soil fertility, moisture stress and BSM.  
500 
500 
500 
500 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.2.2 Conduct regional evaluations with farmers for low soil fertility-BILFA 
selections 
500 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Malawi 
Mozambique 
Tanzania 
Zambia 
1.2.3 Develop and/or validate screening technique for BSM resistance 2000 Zimbabwe 
1.2.8 Evaluate  F5 and F7 families of derived from crosses and backcrosses with 
Pythium and ALS resistance parents with partners  
1000 
1000 
1000 
Angola 
Tanzania 
Zambia 
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Table 119.   cont´d.   
1.2.9 Characterize the diversity of Pythium spp in Malawi, S. Africa & other 
countries 
3000 South Africa 
1.2.12 . Increase seed of drought tolerant materials and test with farmers in target 
areas across the PABRA region. 
1000 Angola 
1.2.14 Develop and test bean materials for adaptation to the humid tropical 
lowlands (below 1000 m). 
500 
500 
Angola 
Malawi 
 
1.2.21 Evaluate F4 families of medium-large seeded Andean beans bred for 
drought tolerance (CIAT HQ) 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Swaziland 
Zambia 
Zimbabwe 
1.2.23 Selection and test climbing beans adapted to mid-low altitudes (down to 
1200-500 masl) (CIAT-HQ and Africa) 
500 
500 
500 
500 
Angola 
D R Congo 
Zambia 
Zimbabwe 
 
Activity set 1.3   
1.3.3 Conduct market chain analyses and identification of market opportunities in 
Madagascar, DRC, Uganda, Rwanda, Burundi and South Ethiopia/northern 
Kenya border {ERI and partners}, also in Zambia, south DRC and Mozambique. 
3000 
3000 
3000 
D R Congo 
Tanzania 
Zambia 
Activity set 1.4   
1.4.1 Continue to generate and evaluate segregating populations and advanced 
bush and climbing bean lines for priority trait combinations in food, canning and 
export beans 
1000 
1000 
1000 
1000 
1000 
Malawi 
South Africa 
Tanzania 
Zambia 
Zimbabwe 
1.4.2 Continue evaluation and select for tolerance to low soil fertility and root 
rots from new multiple constraint populations of major market classes (red 
mottled, red kidney, small red, large white and navy). 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.4.5 Continue with advanced yield trials of medium altitude climbing/bush/snap 
lines in both networks (ECABREN and SABRN countries) and identify 
candidate lines for release. 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
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Table 119.  cont´d.   
1.4.7 Conduct more rapid eco-regional evaluations of best advanced lines and 
nurseries and identify candidate lines in major market classes for release 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.4.8 .  Continue to generate and select from segregating populations of climbing 
bean lines for priority trait combinations and grain types adapted to diverse agro-
ecological zones 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Malawi 
Mozambique 
Tanzania 
Zambia 
1.4.9 Apply participatory variety evaluation (PVS) of promising materials with 
end users especially women, traders, processors and exporters and thereby assess 
their acceptability 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.4.10 . Produce adequate seed of all breeding materials for on-station and on-
farm regional trials including PPB or PVS 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
1.4.15 . Production of breeders and foundation seed to feed adequate amounts 
into seed supply chains, with provision of variety descriptors 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Lesotho 
Malawi 
Mozambique 
South Africa 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
Activity set 2.1   
2.1.1 Sensitize trainers/extension service providers on participatory approaches 
in developing, learning and dissemination of  IPDM and ISFM  
1000 
1000 
1000 
D R Congo 
Malawi 
Tanzania 
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Table 119.  cont´d.   
2.1.2 Catalyze establishment and use of alternative learning approaches (e.g. 
demonstration plots) IPDM and ISFM technologies  
500 
500 
500 
500 
D R Congo 
Malawi 
Swaziland 
Tanzania 
2.1.3 Conduct analysis and bioassays on botanical pesticides and other farm 
products to determine active ingredient and appropriate application doses: 
[Malawi to collect samples for analysis in at central lab in Kenya] 
500 Malawi 
2.1.5 Conduct uptake studies (socio-economic characterization, dissemination 
and adoption) and assess the economic returns for ISFM and IPDM strategies 
2000 
2000 
Malawi 
Tanzania 
 
2.1.8.  Assess the economic returns for utilization of Tithonia and other green 
manures-DRC and Swaziland 
1000 Swaziland 
Activity set 3   
3.1.1 Continue wide national and regional dissemination of bean-based 
technologies in ECABREN (8 countries), SABRN (7 countries) and CORAF (1 
country) through fostering  nationally-facilitated strategic alliances with a variety 
of partners (NGOs, CBOs) in sustainable seed production 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
Angola 
D R Congo 
Malawi 
Mozambique 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
3.1.5 Facilitate production of promotional publications and translations in both 
networks (centrally produced)  
3000 
2000 
2000 
2000 
3000 
2000 
2000 
D R Congo 
Malawi 
Mozambique 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
3.1.6 Catalyze scaling up of ISFM & IPDM technologies (i.e non-seed 
partnerships); Target areas: Kenya, northern Tanzania, Eastern Congo, Burundi, 
Uganda and Madagascar 
1000 
500 
500 
1000 
500 
500 
D R Congo 
Malawi 
Swaziland 
Tanzania 
Zambia 
Zimbabwe 
3.1.7 Organize, train and technically backstop community seed producers to bulk 
seeds 
1000 
1000 
500 
500 
1000 
1000 
Angola 
D R Congo 
Lesotho 
Swaziland 
Zambia 
Zimbabwe 
3.2.2 Analyze the different uptake pathways used (including schools) by the 
various partners in dissemination of technologies in southern Tanzania 
2000 Tanzania 
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Table 119 .  cont´d.   
3.2.3 Support community seed banks in partnership with NGOs, CBOs  500 
500 
500 
500 
500 
500 
Angola 
D R Congo 
Lesotho 
Swaziland 
Zambia 
Zimbabwe 
3.3.1 Post-harvest bean processing products for income generation & food 
diversification, and promote new recipes (Ethiopia, Uganda, Tanzania and 
Malawi).  
2000 
2000 
 
Malawi 
Tanzania 
TOTAL 121500  
 
 
In addition during this reporting period 3 countries (Malawi, Mozambique and Tanzania) within SABRN 
had some research for development activities funded through the legumes crops collaborative research 
program (CCRP) under McKnight Foundation. This initiative fits well within PABRA principles where 
NARS partners are encouraged to use the PABRA financial resources to attract additional funding from 
other donors. The activities funded by McKnight fit well in the PABRA log frame. Tables 120 and 121 
provide the details of the activities which were funded by McKnight Foundation during this reporting 
period. 
 
 
Table 120.  Contribution of NARS partners within SABRN under McKnight seed systems project to 
 selected PABRA research for development outputs in 2007. 
   
Activity Value $ Country 
1.1.1  Identify potential germplasm for on-farm testing 770 Malawi 
 770 Mozambique 
 770 Tanzania 
1.1.2 Multiply germplasm to be used in PVS and on-station yield trials 2343 Malawi 
 2343 Mozambique 
 2343 Tanzania 
1.2.1  Train men and women partners/scientists in PVS (3 countries) 3000 Malawi 
 3000 Mozambique 
 3000 Tanzania 
1.2.2  Strengthen partnerships for carrying out PVS   (m77ultiple sites per 
country) 
2489 Malawi 
 2489 Mozambique 
 2489 Tanzania 
1.3.1. Introduce partner farmer groups to the project & select trial sites 2109 Malawi 
 2109 Mozambique 
 2109 Tanzania 
1.3.2. Package/label seeds  and transport to local sites  2109 Malawi 
 2109 Mozambique 
 2109 Tanzania 
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Table  120.  cont´d.   
1.3.3. Carry out  PVS & on-station yield trials (multiple sites per country) 4326 Malawi 
 4326 Mozambique 
 4326 Tanzania 
1.3.4  Analyze results to highlight varietal preferences 1650 Malawi 
 1650 Mozambique 
 1650 Tanzania 
2.1.1. Planning meeting with partners involved in seed 770 Malawi 
 770 Mozambique 
 770 Tanzania 
2.1.2.  Inventory of existing seed systems  diffusion channels and acquisition 
means 
1161 Malawi 
 1161 Mozambique 
 1161 Tanzania 
2.2.1  Bulk up foundation seeds of  client oriented bean varieties 3630 Malawi 
 3630 Mozambique 
 3630 Tanzania 
3.1.1 Introduce the project to all partners: 3 countries 1338 Malawi 
 1338 Mozambique 
 1338 Tanzania 
Total 77082  
 
 
Table 121.  Contribution of NARS partners within SABRN under McKnight climbing bean project to 
 selected PABRA research for development outputs in 2007. 
 
Activity Value Country 
Activity 1.1.1: Identification of project sites in two rainfall x four altitude zones 13 640 Malawi  
  1 595 Mozambique 
Activity 1.1.2: Participatory climbing bean variety selection and agro forestry tree 
species selection 
5 995 Malawi 
  5 445 Mozambique 
Activity 1.1.3: Identification and evaluation of best bet combinations 6 600 Malawi 
  2750 Mozambique 
Activity 3.1.1: Baseline survey and participatory development of monitoring and 
evaluation guidelines 
4 510 Malawi 
  4 510 Mozambique 
Total   
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4.2.1.3    Regional research for development projects in ECABREN  
 
During the year 2007, ECABREN partners continued with the implementation of two consolidated 
projects funded under ASARECA CGS. These included: 
• Enhancing utilization of nutrient rich beans for improved nutrition and household income, and 
• Enhancing competitiveness of snap bean for domestic and export markets.  
• The implementation of a third approved new project: ‘Intensification of the climbing bean based 
agro-systems’ under ASARECA CGS for the Great Lakes region (Burundi, eastern DRC and 
Rwanda) was delayed due to suspension of funding by European Union.  
 
With the development of the new programmes in the sub-regional organization, ASARECA, the snap 
bean and climbing bean projects will be under the non staple crops priority program, which has not started 
yet. Mechanisms of collaboration between this program and CIAT should be sought, especially on how to 
provide expertise and backstop these projects for some key research activities. 
 
Enhancing competitiveness of snap bean for domestic and export markets: The funding of this 
project implemented in four participating countries including Kenya, Uganda, Rwanda and Tanzania has 
been halted since June 2007 due to the administrative problem at ASARECA Secretariat level; but 
funding to NARS is supposed to resume soon after audit report in the first quarter of 2008. To rejuvenate 
the snap bean germplasm, the network has supported the implementing NARS to replant the snap bean 
accessions.  
 
Enhancing utilization of nutrient rich beans for improved nutrition and income: The network 
coordination has made enormous efforts to promote the consumption of beans through introduction of 
new bean recipes using micronutrient rich bean varieties. In eastern DRC, Maharagi Soja, one of the first 
known iron rich bean varieties was used for training 44 trainers among which 22 women representing 
health centers, community-based organizations, nutritionists, NGOs in the preparation of bean dishes or 
recipes (i.e. bean biscuits, bean samoosas, bean rolls and fingers, bean kalimati or fritter) to enhance 
nutrition and income generation of populations.  
 
Other training sessions, have been organized in northern Tanzania for changing behavior of people 
regarding their myth in consuming beans, and therefore, prepare the ground for the introduction of 
micronutrient rich beans. Fifty-one men and 317 women have been trained by the national bean program 
with ECABREN financial support. Among them are seventeen KUMO (Environment Conservation 
Group) farmer group members in Arumeru District acting as in drama form to disseminate messages for 
reaching rural and urban communities. 
  
In general, there has been high interest with these new bean recipes and acceptance of beans as a healthy 
food even among rich people. The publication of the first regional recipe book with nutrition profile 
would be out in the next months.     
 
The climbing bean and agroforestry interventions project: The impact of this project though 
terminated in 2006 has been growing. The demand for climbing bean technology has been high within 
and outside the project areas. Three climbing bean varieties from this project have been released: G1106, 
Flor de Mayo and CAB 19 (all CIAT materials) due to their high yield and market potential. In fact, the 
demonstration plots at national fair ground show or along side roads comparing use of stakes and ropes 
have offered opportunities for populations to adopt the technology in rural and urban areas. The network 
coordination and the national bean program in northern Tanzania have also been proactive in making 
contacts with international NGOs and Government extension department for the scaling up and out of the 
technology to reach larger populations in Kagera and Kilimanjaro regions.   
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PABRA funded Research for Development activities: 
 
Besides some external funding of ECABREN projects, the nine participating countries have also been 
supported to implement other PABRA R4D activities included in 2003-08 performance framework. Table 
122 gives some important activities implemented by NARS in ECABREN countries for achieving 
PABRA mission and goals. 
 
Table 122. Some PABRA research for development activities implemented by ECABREN member 
 countries with total value of the activities 
 
Research for Development activities Total amount 
(US$) 
Countries/or institution 
Developing acceptable bean varieties rich in 
protein and micro-nutrients 
54,600 Uganda, Burundi, Madagascar, DRC, 
Rwanda, Sudan 
Characterization of bean accessions and 
micronutrient analysis 
16,800 Ethiopia, DRC, Tanzania, Burundi 
   
Dissemination of bush and climbing bean 
technologies 
5,000 Rwanda 
   
Exploiting genetic diversity of beans to address 
marginal environments 
13,400 Uganda, DRC, Tanzania 
On farm and national performance trials 12,500 Burundi, Kenya 
Evaluation and maintenance of 
BILFA/BIWADA materials   
8,620 DR Congo, Tanzania 
Multiplication and increase of bean seed 8,000 Sudan, DRC 
Production of breeder/ foundation seed 43,140 Burundi, Kenya, Madagascar, Uganda, 
Univ. of Nairobi 
   
Validation and scaling up of developed 
ISFM/IDPM options 
32,000 DRC, Kenya, Madagascar, Tanzania  
   
Enhancing capacity of farmers in grain quality 
for processing 
4,000 Ethiopia 
Organizing stakeholders and scientists meetings 8,850 Kenya, Uganda 
Training in preparation of nutritive and income 
generating bean recipes 
3,500 Burundi 
   
Production and translation  of promotional 
materials and bean materials 
10,715 DR Congo, Kenya, Sudan, SARI-Tanzania, 
SUA-Tanzania  
   
Facilitating technology uptake and scaling up 
through partnerships using PM&E in national 
bean programs 
20,000 DRC, Ethiopia, Kenya, Madagascar & 
Rwanda,  
   
Facilitating NARS information communication 3,400 Uganda, Madagascar, DRC 
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4.2.1.4     Projects submitted, Proposals and Concept notes prepared   
 
Title Donor Comments 
 
Funding 
period 
Total  
amount 
US 
Sustainable Community-Based, Farmer-Led Bean 
Seed Enterprises to Reach Communities Not Served 
By the Formal Seed Sector for Improved Income 
and Livelihoods in Uganda.  
NARO-Bean 
Programme Lead 
Proposal Target 
ProAGRA-seed 
systems. 
 
Submitted 
(in support to 
NARS) 
 160,000 
Improving smallholder farmer incomes and 
livelihoods through support towards the 
development of a sustainable community based 
supply and marketing chain of a sugar climbing 
bean variety NABE 12C for the canning industry  
 
ProAGRA  
and DIFD 
Jointly developed 
by NARO- Bean 
Programme, North 
East Chillie 
Producers 
Association 
Limited, ACOS-
International and 
CIAT-PABRA  
 
Submitted 
(in support to 
NARS) 
 523, 288 
Enhancing productivity, nutrition and incomes 
through improved marketable climbing bean and 
biofortified bean varieties 
 
Government of 
Kenya 
In review 2008-2011 $110,000 
Improving Food and Nutrition Security, and 
Incomes of Smallholder Farmers in East and Central 
Africa through increased access to Markets and 
Technology Innovation  
 
Belgium 
Development 
Cooperation 
(BADC) 
Unsuccessful 2008-2011 $3,148,632 
Climbing out from poverty: Realizing the benefits 
from high yield potential of Climbing beans  for  
smallholder farmers in Africa  
 
JIRCA Presented to 
donor in Jan 
2008 
  
 
4.2.1.5  New proposals approved 
 
Title Donor Funding  
period 
Total 
Amount 
US 
Amount to 
partners 
US$ 
Available  
in 2007 
US$ 
TL1: Improving tropical legume productivity 
for marginal environments in sub-Saharan 
Africa (African component) 
 
BGMF 2007-2010 115,000  115,000 
TL2:  Enhancing grain legumes’ productivity, 
production and the incomes of poor farmers in 
drought-prone areas of sub-Saharan Africa and 
South Asia: Seed Systems (African component) 
 
BGMF 2007-2010 2,866.084 
 
1, 368,000 
million seed 
systems 
631,000 433,110 
Intensification of climbing bean based agro-
ecosystems  
(Great Lakes region-backstopped by 
ECABREN - Funding to NARS to resume in 
2008) 
EU/ 
ASARECA 
2007-2010 € 419,568   
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Title Donor Funding  
period 
Total 
Amount 
US 
Amount to 
partners 
US$ 
Available  
in 2007 
US$ 
Putting Seed Security at the Heart of 
Agricultural Relief and Recovery Response  
(Focus on SSSA and Tool Development) 
USAID/ 
OFDA 
Cost 
extension  
2007-2008 409,000   
Export marketing of beans in ECABREN 
countries  
(Not implemented by ECAPAPA due to internal 
reorganization ) 
USAID/ 
REDSO/ 
EA 
Ending by 
9/07 
25,000   
Marker assisted bean breeding Kirkhouse 
Trust 
3 years $180,000 
(excluding 
equipment) 
To be 
determined 
in March   
2008 
To be 
determined 
in March 
2008 
 
4.2.2     Projects developed in Latin America 
 
4.2.2.1   List of ongoing special projects at Headquarters 
 
Title Donor Funding  
period 
Total 
 amount 
Amount to 
Partners 
(US $) 
Available in 
2007 
(US$) 
Commissioned Research-GCP 
Consortium Members - TILLING 
mutagenesis and drought gene 
analysis 
 
Generation 
Challenge 
Program 
2006-2007 103,879 - 36,074 
Reducing pesticide use and 
pesticide resistance in rice and 
beans in the Andean zone 
 
FONTAGRO 2006-2009 125,000 17,000 12,100 
Fighting Drought and Aluminium 
Toxicity: Integrating Genomics, 
Phenotypic Screening and 
Participatory Research with 
Women and Small-Scale Farmers 
to Development Stress-Resistant 
Common Bean and Brachiaria for 
the Tropics 
 
BMZ 2006-2009 €  1,100,000 €  344,560 €  251,577 
Bean genomics for improved 
drought tolerance in Latin America 
BMZ-Germany 
(no cost 
extension) 
 
2003-2007 €  740,000 27,274 - 
Biofortified Crops for Improved 
Human Nutrition – Harvest Plus 
Challenge Program 
(Yearly contracts) 
Gates 
Foundation 
World Bank 
DANIDA, 
Denmark 
 
2003-2008 305,000 50,000 255,000 
Obtención de nuevas variedades de 
fríjol común con atributos de 
rendimiento y potencial para 
nuevos mercados, utilizando 
selección convencional y asistida 
por marcadores moleculares 
COLCIENCIAS/ 
Universidad 
Nacional de 
Colombia 
2004-2007 8,235 - 1,330 
 252 
Title Donor Funding  
period 
Total 
 amount 
Amount to 
Partners 
(US $) 
Available in 
2007 
(US$) 
Mejoramiento de la nutrición 
humana en comunidades pobres de 
América Latina utilizando maiz 
(QPM) y frijol común 
biofortificados con micronutrientes 
 
FONTAGRO 2004-2007 350,000 36,701 53,384 
Combating hidden hunger in Latin 
America: Biofortified crops with 
improved vitamin A,  essential 
minerals and quality protein 
(AgroSalud)  
 
CIDA 
 
2004-2010 20,000,000  228,140 
Integrated management of 
whiteflies in the tropics 
 
DFID 2005 - 2008 80,610 27,893 50,946 
Increasing Food Security and Rural 
Incomes in Eastern, Central and 
Southern Africa through Genetic 
Improvement of Bush and 
Climbing Beans 
(Headquarters component) 
 
RF 2005-2008 US  254,000 - 43,750 
 
4.2.2.2    Projects submitted, Proposals, and Concept notes prepared 
 
Title Donor Comments 
Funding 
period 
Total amount 
US 
Obtención y evaluación de Phaseolus vulgaris y 
Zea mays tolerantes a la sequía 
 
CYTED, Spain Approved 
 
4 years 1,000,000 
Development of a handling system of Bemisia 
tabaci in paprika and pepper in the Cauca Valley 
MADR Approved 2008-2011 US$ 65,000 
Improvement of Chitti bean in Iran.  SPII, Iran Iranian 
government 
 
Under 
negotiation 
4 years 240,000 
Integrated soil fertility management in the tropics: 
Realizing the benefits of abiotic stress adapted 
common bean and forage germplasm in smallholder 
crop-livestock systems of Africa, Asia and Latin 
America.  
MOFF of Japan (in review) 
 
 
  
 
4.2.2.3   New proposals approved 
 
Title Donor Funding  
period 
Total 
 amount 
Amount to 
Partners 
(US $) 
Available in 
2007 
(US$) 
Improved beans for Africa and 
Latin America 
 
DFID, UK 2007 112,973 - 112,973 
TL1: Improving tropical legume 
productivity for marginal 
environments in sub-Saharan 
Africa (Headquarters component) 
BMGF 
grant to GCP  
2007-2010 1,867,328 115,000 307,601 
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Title Donor Funding  
period 
Total 
 amount 
Amount to 
Partners 
(US $) 
Available in 
2007 
(US$) 
TL2: Enhancing grain legumes 
productivity, production and 
income of poor farmers in drought-
prone areas of sub-Saharan Africa 
and South Asia (HQ component) 
 
BMGF  
grant to CGIAR 
2007-2010 3,454.802 2,866.084 127,456 
Nutritional Improvement of the 
important pulse legume, the 
common bean, through the 
reduction of seed tannin content, 
for the benefits of people' diet in 
Africa and Latin America 
 
CIDA/Univ. of 
Saskatchewan 
2007-2010 CAD  
225,000 
CAD 
65,400 
CAD 
54,200 
Variedades de fríjol tolerantes al 
estrés abiótico de la baja fertilidad 
y la sequía, y a la sostenibilidad 
productiva y alimentaria de 
Centroamérica 
Red-SICTA, 
SDC 
Mayo 2007-
Sept. 2008 
246,100 
 
 
- 35,350 
 
 
 
Progress towards achieving milestones: 
 
 
• Additional funding from McKnight Foundation has helped to broaden the funding base for some 
SABRN member countries to more effectively contribute to PABRA outputs, and outcomes. This is 
considered as one step forward towards achieving sustainable funding of research for development 
activities within the networks. 
 
• Increased funding to network accelerated characterization and micronutrient analysis of available 
bean germplasm accessions through support to other regional laboratories at Sokoine University of 
Agriculture, Tanzania and the University of Nairobi, Kenya. 
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Activity 4.3 Supporting breeding programs in NARS, regional networks, farmers’  
  associations, and CIALs with germplasm and technical knowledge 
 
Highlights: 
 
• More fixed lines, cultivars and released bean varieties which combine acceptable market classes, 
high yielding potential and resistance to diseases were distributed in a regional yield trial to 
various NARIs partners in different countries. 
 
• Some lines and varieties with high Fe and Zn content which were distributed to NARS partners 
have bean earmarked for variety release: Zimbabwe (NUA45 and NUA59), Tanzania (Roba-1), 
Malawi (NUA45 and NUA56) and Mozambique (NUA45 and Ayenew).  
 
• 4 new bean varieties were released in 2007: SUG131 in Zimbabwe and C20P30 (Kapisha), 
KID31 (Kabale) and Kabulangeti in Zambia. 
 
• Breeding programs for improved nutritional quality have been established in national programs in 
Central America, the Andean zone, and in eastern and southern Africa. The concept of 
biofortification has been adopted with great enthusiasm.  
 
• Strong Biofortification programs have been established in Bolivia and Venezuela as part of the 
Fontagro and AgroSalud projects with 7 nurseries established and analyzed for seed iron and zinc 
concentration as well as a pre-release experiment for NUA lines and micronutrient fertilization 
trial.   
 
• NUA (Andean nutrition lines) genotypes have proven adaptable in several countries and are near 
release in Bolivia, Malawi and Zimbabwe.   In addition they have been widely tested on-farm in 
Colombia and in several Southern African countries.  Stability analysis was conducted for the 
NUA lines using geographic information systems tools allowing us to follow up on soil and 
climate variable that affect iron and zinc uptake in multi-location trials across Colombia and 
Bolivia.   
 
• We evaluated two collections of released varieties from Eastern and Southern Africa consisting of 
221 genotypes from 10 countries (DR Congo, Kenya, Lesotho, Malawi, Mozambique, Swaziland, 
South Africa, Tanzania, Uganda and Zimbabwe) with atomic absorption and near infrared 
reflectance spectrophotometry to determine seed iron and zinc concentration.   Correlations 
between methodologies and between minerals were observed.   
 
• Micronutrient dense varieties are being evaluated in on-farm and on-station trial in all nine 
countries in ECABREN region. 
 
• Six countries had completed the advanced yield testing stage by December 2007. 
 
• Six countries in the final multi-location testing (national performance trials) of selected 
biofortified lines at more than 41 test sites in east and central Africa. 
 
• More than 10 candidate varieties identified. 
 
• First formal release of biofortified bean varieties expected in 2008. 
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4.3.1   Distribution of seed from CIAT Headquarters 
 
Tables  123, 124 and 125  show a summary of Bean Breeding, Andean Breeding and other nurseries 
distributed from CIAT headquarters to partners and collaborators. 
 
Table 123.   Nurseries distributed by the Mesoamerican bean breeding section. 
 
Description No. of  
lines 
Purpose Institution/ 
Collaborators 
Country 
F1 hybrids 
Common bean lines - high Fe 
trial { VAM 43 Ent BCA} 
21 
43 
Research  
Local  evaluation 
EMBRAPA/CENARGEN  
Maria J del Peloso 
Brazil 
Climbing snap bean lines 11 Research Univ. de Cundinamarca 
Alvaro Celis 
Colombia 
Climbing snap bean lines 11 Research Univ. Nacional de Colombia 
J.A. Gutierrez 
Colombia 
F2 derived F1 families for 
drought and iron 
 
195 Local Evaluation Universidad de Costa Rica 
Rodolfo Araya 
Costa Rica 
Common bean lines tolerant to 
drought  and bc3 
Common bean lines tolerant to 
drought   
9 
 
9 
Local Evaluation CENTA 
C.A. Perez 
El Salvador 
F2 derived F1 families for 
drought and iron 
Drought and  bc3 F2 populations 
155 
 
9 
Local Evaluation CENTA 
C.A. Perez 
El Salvador 
Common bean lines high Fe 4 Research ICTA 
Julio Cesar Villatoro 
Guatemala 
F2 derived F1 families for 
drought and iron 
F2 derived F1 families for 
drought  and low fertility 
Drought and  bc3 F2 populations 
193 
 
70 
 
10 
Local Evaluation ICTA 
Julio Cesar Villatoro 
Guatemala 
F2 populations drought 8 Local Evaluation EAP 
Juan Carlos Rosas 
Honduras 
F2 derived F1 families for 
drought and iron  
F2 derived F1 families for 
drought  and low fertility   
Drought and  bc3 F2 populations 
Common bean lines tolerant to 
drought  and bc3 
248 
 
313 
 
26 
8 
Local Evaluation EAP 
Juan Carlos Rosas 
Honduras 
Common bean lines for  
aluminum  
43 Local Evaluation University of Nairobi 
Paul Kimani 
Kenya 
Andean bean lines tolerant to 
drought 
Drought, and low fertility 
tolerant lines   
Drought and  bc3 F2 populations 
114 
 
53 
 
18 
Local Evaluation University of Nairobi 
Paul Kimani 
Kenya 
Andean bean lines tolerant to 
drought 
Drought, and low fertility 
tolerant lines   
Phaseolus acutifolius (G 40001} 
123 
 
53 
 
1 
 
Local Evaluation 
University of Nairobi 
Paul Kimani 
Kenya 
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Table 123.  cont´d.     
Description No. of  
lines 
Purpose Institution/ 
Collaborators 
Country 
Andean lines tolerant to drought  
Drought, and low fertility 
tolerant lines   
114 
 
53 
Local evaluation Chitedze Agric. Res. Stat. 
Rowland Chirwa 
Malawi 
F2 populations drought  
 
8 Local evaluation INTA 
A. Llano, J. Molina  
Nicaragua 
F2 derived F1 families for 
drought and iron 
F2 derived F1 families for 
drought  and low fertility  
Drought and  bc3 F2 populations  
Common bean lines tolerant to 
drought  and bc3 
62 
 
168 
 
9 
8 
Local evaluation INTA 
A. Llano, J. Molina,  
M. Guzman 
Nicaragua 
Common bean lines:  
DOR 500, MIB 465 
2 Research Cornell University 
Dennis D. Miller 
USA 
 
Table  124.  Nurseries distributed by the Andean bean breeding and Germplasm Characterization section. 
 
Description No. of 
seeds 
No. of 
lines 
Purpose Institution/ 
Collaborator 
Country 
G  19833 400 g. 1 BNF evaluation Univ. de la Plata  
Mario Aguilar 
Argentina 
4 lines (5 accessions) 40 g 9 Nutritional evaluation Univ. of Aarhus,  
Cristina Cvitanich 
Denmark 
Andean lines 200 4 On-farm evaluation IDIAF Dominican Repub. 
RILs of DOR  364 x G  
19833  
30 89 Disease screening Univ. of París  
Valerie Geffroy  
France 
Accessions ( reference 
collection)  
30 156 Drought screening Univ. of Nairobi  
Paul Kimani 
Kenya 
Andean drought lines  3 reps 
2 trials 
40 49 Drought screening Univ. of Nairobi  
Paul Kimani 
Kenya 
Bush bean lines 40 51 Drought screening Univ.  of Nairobi 
Paul Kimani 
Kenya 
Climbing bean lines 30 96 Adaptation screening Univ. of Nairobi 
Paul Kimani 
Kenya 
F2 populations of nutritional 
crosses 
300 31 Selection Univ. of Nairobi 
Paul Kimani 
Kenya 
Kenya and Malawi 
accessions and lines 
40 207 Drought screening Univ. of Nairobi 
Paul Kimani 
Kenya 
MAC lines 30 25 Adaptation screening Univ. of Nairobi 
Paul Kimani 
Kenya 
NUV lines 30 264 Adaptation screening Univ. of Nairobi 
Paul Kimani 
Kenya 
RMA lines for Zabrotes 30 25 Bruchid resistance Univ. of Nairobi 
Paul Kimani 
Kenya 
RMA lines for Zabrotes 30 25 Bruchid resistance Pascal Okuiri Kenya 
VICARIBE lines 40 144 Drought screening Univ. of Nairobi 
Paul Kimani 
Kenya 
Andean drought lines  3 reps 
2 trials 
30 49 Drought screening CIAT-SABRN 
Rowland  Chirwa 
Malawi 
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Table 124.  cont´d.      
Description No. of 
seeds 
No. of 
lines 
Purpose Institution/ 
Collaborator 
Country 
Bush bean lines 40 51 Drought screening CIAT-SABRN 
Rowland  Chirwa 
Malawi 
Climbing bean lines 30 96 Adaptation screening CIAT-SABRN 
Rowland  Chirwa 
Malawi 
Kenya and Malawi 
accessions and lines 
40 207 Drought screening CIAT-SABRN 
Rowland  Chirwa 
Malawi 
VICARIBE lines 40 144 Drought screening CIAT-SABRN 
Rowland  Chirwa 
Malawi 
Andean drought lines 200 24 Drought screening I IA M  
C. Nhagupana / 
Magalhaes Miguel 
Mozambique 
7 NUA  lines (7 accessions) 50 14 Adaptation screening Mattias Suiza 
MAC lines 30 25 Adaptation screening Robin Buruchara Uganda 
NUV lines 30 264 Adaptation screening Robin Buruchara Uganda 
RILs of G  2333 x G  19839  30 86 Disease screening Robin Buruchara Uganda 
MIB and NUA lines 50 10 Nutrition evaluation USDA-ARS Phillip 
Miklas/Khwaja 
Hossain 
USA 
 
Table  125.   Other nurseries distributed 
 
Description No. of  
lines 
Purpose Institution/ 
Collaborator 
Country 
Bruchid nursery  40 Parental for breeding to Z. 
subfasciatus resistance  
Teshale Assefa  
Ethiopian Inst. of Agric. Res. EIAR 
Ethiopia 
 
 
4.3.2    Distribution of germplasm within the ECABREN bean network 
 
Table 126 shows a summary of nurseries distributed to collaborators within the ECABREN bean network. 
 
Table 126.     Germplasm distribution from ECABREN bean network. 
 
Description No. of 
nurseries 
sent 
No. of 
entries 
Purpose Recipients Country 
ECAB bush lines 
 
2 
 
41 Lowland adaptation trials Mr. Rodrigue 
Yakende 
Central 
Africa Rep. 
Climbers 2 14 Adaptation trials Mr. Rodrigue 
Yakende 
Central 
Africa Rep. 
lines from BC-S4 F4 
 
1 14 
lines 
Multi-locational trials The Team leader Inera 
–Kipopo-  
DRC 
 1 30 For study research The Team leader Inera 
–Kipopo-  
DRC 
Biofort lines 3 35 Adaptation  & PVS trials Mr. Gabriel Diasso Burkina Faso 
Bilfa V lines 3 25 Adaptation  & PVS trials Mr. Gabriel Diasso Burkina Faso 
      
 258 
Table 126.   cont’d.      
Description No. of 
nurseries 
sent 
No. of 
entries 
Purpose Recipients Country 
Medium altitude climbers 3 61 Adaptation  & PVS trials Mr. Gabriel Diasso Burkina Faso 
Low soil fertility lines 
 
1 4 Genetic and physiology 
studies 
 Dr. Walter Horst Germany 
Biofort lines 3 35 Adaptation  & PVS trials Mr. Sibal Dopavogui Guinea  
Bilfa V lines 
 
3 25 Adaptation  & PVS trials 
 
Mr. Sibal Dopavogui Guinea  
Medium altitude climbers 3 61 Adaptation  & PVS trials 
 
Mr. Sibal Dopavogui Guinea  
51 from MAC  
382 from BC-S5 F6 
86 from RIDS 
264 from Nuvs  
4  plus 2 
bulks 
785 
lines 
Research  The Team leader  
Reuben Otsyula, 
Kakamega 
Kenya 
15 entries (BCS5F5 GLP2 
x RWR719) 
10 150 
lines 
On-farm and  
On-station evaluation 
Dr Omwenga  (ICIPE) Kenya 
Medium altitude climbers, 
NUA lines and Biofort 
lines 
1 9 PVS Peter Mbugua 
 
Kenya 
Bean stem maggot nursery 
 
1 25 PhD studies at  
Univ. of Natal, South Africa 
Pascal Okwiri Kenya 
21 from RILs 
7 from root-rot/BILFA 
nursery 
22 from BC-S5F6 
1 trial 50 Multiplication  
and research 
Scientist  Liberia 
TL II drought Nursery 1 1017 Drought screening Dr. Rowland Chirwa Malawi 
Biofort lines 1 35 Adaptation  & PVS trials Kenneth James Osaji Nigeria 
Bilfa V lines 1 25 Adaptation  & PVS trials Kenneth James Osaji Nigeria 
Medium altitude climbers 1 61 Adaptation  & PVS trials Kenneth James Osaji Nigeria 
51 from MAC  
14 crosses  from BC-S4 F4  
86 RILS (G2333x 19839) 
264 from Nuvs  
4 421 
lines 
Multiplication and 
evaluation 
The Team leader  
Dr. Felicite 
Rwanda 
Fast track biofort lines 1 31 PVS Felicite 
Nsanzabera 
Rwanda 
Low soil fertility  and 
Biofort lines 
1 32 Adaptation  & PVS trials 
 
Ms. Felicite 
Nsanzabera 
Rwanda 
Anthracnose differentials 
ALS differentials 
2 sets 12 
12 
Research The team leader 
Dr Ngulu  
Tanzania 
KBF lines and collection 
 
1 422 Mineral analyses and 
nutritional studies  
Dr. Peter Mamiro 
(SUA) 
Tanzania 
Biofort lines 2 35 Adaptation  & PVS trials 
 
 Mr. Tchabana Bere Togo 
Bilfa V 2 25 Adaptation  & PVS trials 
 
Mr. Tchabana Bere Togo 
51 from MAC  
14 from BC-S4 F4 
86 from RIDS 
264 from Nuvs  
3 421 
lines 
Multiplication, on-farm tila 
and research 
The Team leader  
Namulonge 
Uganda 
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4.3.3   Exchange of germplasm in Southern Africa Bean Research Network (SABRN) 
 
Rationale:  Many national programs within the SADC region still do not have adequate personnel to 
support breeding programs of their own.  The SABRN co-coordinates regional germplasm nurseries and 
trials, which contain improved lines and released cultivars with the aim of sharing germplasm within the 
network so that each national program or private sector can benefit from the research that is carried out by 
others in the region. 
 
Materials and Methods: Various countries within SABRN grouping requested for specific nurseries. 
These nurseries were organized either by market class, or constraint or plant growth habit.  These 
nurseries serve as sources of germplasm with good attributes that might be useful to NARS partners. 
Table 127 below shows the distribution list of the nurseries in the 2007. 
 
Table 127.   List of nurseries and trials that were distributed in the SABRN, 2007 season. 
 
Description No. of 
nurseries 
sent 
No. of 
entries 
Purpose Countries 
Southern Africa 
Regional Bean 
Yield Trials 
(SARBYT) 
21 20 Yield evaluation across 
countries 
Tanzania, DR Congo, 
Lesotho, Malawi, Zambia, 
Mozambique, Angola, 
S. Africa, Zimbabwe, 
Swaziland 
Southern Africa 
Regional Bean 
Evaluation 
Nursery 
(SARBEN) 
17 100 Adaptation of lines to 
different environments 
Angola, DR Congo 
Lesotho, Malawi, Zambia 
Mozambique, S.Africa 
Tanzania, Zimbabwe 
Bean 
improvement for 
Low soil 
Fertility 
Adaptation 
(BILFA) 
18 81 Adaptation to low soil 
fertility 
Angola, DR Congo, Lesotho, 
Malawi, Mozambique, 
Swaziland, Tanzania, 
Zambia, Zimbabwe 
Drought small 
Seeded 
9 174 Evaluation under 
drought stress 
Angola, DR Congo, 
Lesotho, Malawi 
Bean Stem 
Maggot (BSM) 
18 12 Screening for resistance 
to BSM 
Angola, DR Congo, 
Malawi, Mozambique, 
Tanzania, Zambia, Zimbabwe 
Sugar Bean 
Nursery 
19 84 Screening for 
adaptation 
Tanzania, DR Congo, Lesotho, 
Malawi, 
Mozambique, S. Africa, 
Zambia, Zimbabwe, Angola, 
Swaziland 
Calima Bean 
Nursery 
13 39 Screen for adaptation Tanzania, DR Congo, 
Malawi, Mozambique, Angola 
Small white 
Bean Nursery 
8 45 Screening for 
adaptation 
Tanzania, DR Congo 
Malawi, Mozambique 
Zimbabwe, Angola 
Yellow Bean 
Nursery 
6 13 Screening for 
adaptation 
Tanzania, DR Congo, 
Mozambique, Angola, 
Tanzania, Zambia 
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Table 127.   cont’d. 
 
Description No. of 
nurseries 
sent 
No. of 
entries 
Purpose Countries 
Root rot Nursery 8 52 Screen for resistance to 
root rot 
Tanzania, DR Congo 
Angola 
Biofort-fast 
truck 
6 8 Yield evaluation Malawi, Mozambique, Angola 
Lesotho 
Biofort -small 
seeded 
6 20 Yield evaluation Tanzania, DR Congo, Malawi, 
Angola 
Biofort -large 
seeded 
12 23 Yield evaluation Tanzania, DR Congo, Malawi, 
Mozambique, Zimbabwe, 
Angola, Swaziland 
Khaki Bean 
Nursery 
6 23 Evaluation for yield and 
adaptation 
Malawi, Mozambique, 
Angola 
Angular leaf 
spot (ALS) 
Nursery 
9 49 Observe reaction to 
ALS 
Malawi, Mozambique, Zambia, 
Zimbabwe, Angola 
Medium 
climbers (semi-
climbers) 
8 16 Evaluation for yield and 
adaptation 
Tanzania, DR Congo, Malawi, 
Mozambique, Zimbabwe, 
Angola, Swaziland 
Mid-altitude 
climbers (MAC) 
11 38 Evaluation for 
adaptation to low 
altitude warmer 
environment 
Malawi, DR Congo, 
Mozambique, Swaziland, 
Tanzania, Zambia, 
Zimbabwe, Angola 
Pinto Bean 
Nursery 
6 12 Evaluation for yield and 
adaptation 
Lesotho, DR Congo 
Mozambique 
A286 20 kg  Bulk seed Lesotho 
SUG131 122 kg  Bulk seed Zimbabwe, Lesotho, 
Mozambique, Swaziland 
CAL143 120 kg  Bulk seed DR Congo, Mozambique 
Swaziland 
 
 
4.3.3.1 Southern Africa Regional Bean Yield Trial (SARBYT) 
 
Material and Methods: Each set of SARBYT contained 19 test varieties selected for different attributes, 
including good yield potential, acceptable grain market types and potential for adaptation to various bean 
production environments  across countries in the SADC region.  Each country had to add a local control 
to make a total of 20 entries.  The trial was laid out in a randomized complete block design with 4 
replications and data were collected on rainfall, weather, diseases and grain yield.  
 
Results and Discussion: During this reporting period there were two extreme bad weather conditions 
(drought in the southern and excessive rainfall in the northern parts of SADC countries), which adversely 
affected the bean crop.  As a result many sites were abandoned, and data is reported from a selected few 
sites.  Disease data were collected on angular leaf spot (ALS), common bacterial blight (CBB), rust, bean 
common mosaic virus (BCMV) and floury leaf spot (FLS). The disease pressure was somewhat mild in 
most sites, with highest scores of 6 (Table 128). Grain yield data showed that Misamfi (Zambia) and 
Uyole (Tanzania), which fall in the northern part of the SADC bean production areas, had good crop 
performance; all entries yields above 1000 kg ha-1.  Few lines at Delmas-South Africa, where the crop 
was hit by drought, had yields above 1000 kg ha-1. There were a number of lines that out performed the 
local control in all the sites except Delmas where local check had highest yield out performing all the test 
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lines. Amongst the lines that out performed the local check in more than one site were: MC12832-129-11, 
MN 12686-15 and MC 13832-129-1.  The mean grain yield across sites showed that only four lines out 
performed the standard check variety (CAL143), which had grain yield of 1555 kg ha-1, these lines were: 
MC12832-129-11 (1896 kg ha-1), MN 12686-15 (1763 kg ha-1), MR 14152-14 (1739 kg ha-1) and MC 
13832-129-11 (1651 kg ha-1).  And all these were either small red or carioca market classes, showing how 
versatile bean varieties of these market classes are under extreme adverse conditions (drought and 
excessive rainfall). 
 
 
Table 128.   Performance of advanced cultivars in the SARBYT at different sites in the SADC region 
 2007. 
 
 
Contributor:   R. Chirwa 
 
Collaborators:  S. Beebe, R. Buruchara, G. Mahuku, P. Kimani M. Blair and NARIs Bean Research 
Teams within SABRN 
      Disease score      Grain yield Grain 
  ALS Rust CBB BCM FLS         
  MIS UYO MIS UYO MIS MIS MIS MIS DEL UYO Mean size color 
MC 13832-129-1 1 1 1 1 1 1 1 2907 1156 1626 1896 30 Carioca 
MN 12686-15 2 1 1 1 3 1 3 2492 1146 1651 1763 25 Small red 
MR 14152-14 3 1 1 2 3 1 1 2650 1026 1541 1739 25 Small red 
MC 12832-129-11 1 2 1 2 1 1 1 2429 958 1567 1651 33 Carioca 
LOCAL 2 4 1 1 3 1 4 1698 1698 1315 1570   
GCI-CAL-172-AR 2 5 2 1 3 1 4 2556 490 1623 1556 43 Calima 
CAL 143 2 6 2 1 2 2 4 1710 1484 1470 1555 38 Calima 
MR 14215-9 1 2 3 1 3 1 1 2307 937 1300 1515 23 Small red 
NM 12646 2 4 2 1 2 1 2 1954 682 1564 1400 38 Calima 
MR 13557-16-7 1 2 1 1 2 1 2 1842 1057 1245 1381 24 Small red 
RMA 20 2 4 3 1 3 1 4 1717 896 1520 1378 42 Calima 
RA 13163-3-1-2 1 3 1 1 3 3 1 1971 808 1329 1369 39 Sugar 
NM 12668/2 1 2 1 1 4 1 1 1751 823 1497 1357 41 Calima 
GCI-LR-171 1 4 1 1 2 2 1 1679 932 1227 1279 37 Red 
VTTT 923/10-3 2 5 1 1 3 3 4 1459 979 1339 1259 37 Sugar 
BOUNTY BEANS 4 5 2 1 3 2 1 1309 1151 1266 1242 38 Sugar 
VTTT 923/10-7-1 3 4 1 1 3 2 1 1752 490 1334 1192 37 Sugar 
GCI-CAL-170-AR 3 5 1 1 2 1 4 1692 417 1327 1145 43 Calima 
RMA 18 2 5 1 2 4 2 2 1082 971 1237 1097 41 Calima 
GCI-CAL-151-AR 3 3 2 1 2 1 2 1376 328 1360 1021 43 Calima 
Mean 2 3 1 1 3 1 2 1917 922 1417 1418     
SE + -         46 75 32 52   
CV (%)        25.5 35.7 10.2 16.5   
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4.3.4   Support to national and regional breeding programs in biofortification 
 
4.3.4.1 A summary of breeding programs for biofortification 
 
Over the past four years, NARS have adopted the concept of breeding for improved nutritional quality 
and have actively incorporated this in their breeding programs and/or testing schemes.  Achievements in 
this regard include: a wider perspective on the goals of agricultural research, to include human health; the 
adoption of common methodologies, especially of sampling and sample management; the adoption of 
quality control measures (e.g., the evaluation of a common check sample across laboratories).  Parental 
materials for agronomic traits have been identified locally, and sources of the high mineral trait have been 
confirmed through international nurseries. Breeding programs in eight countries  are managing 
segregating populations based on crosses so created. Countries with activities in biofortification of beans 
appear in Table 129.  Countries that are closest to releasing varieties with enhanced micronutrient 
concentration are Bolivia, Colombia, Nicaragua and Honduras in the Americas; and Kenya, Malawi, 
Rwanda, and Zimbabwe in Africa.  
 
Table 129.  Activities in pursuit of varieties with higher iron and zinc concentration in participating 
 countries in Latin America and Africa. 
 
 Activity 
Country Evaluation, native 
germplasm 
Evaluation, 
international 
nursery 
Advanced line 
testing 
Managing 
segregating 
populations 
Latin America     
Bolivia X X X  
Brazil X X  X 
Colombia X  X  
Costa Rica X X  X 
Cuba  X X  
El Salvador  X X X 
Guatemala X X  X 
Honduras X X   X 
Mexico X    
Venezuela X X   
Africa     
Burundi  X   
DR Congo X X   
Ethiopia  X X  
Kenya X X X X 
Madagascar  X   
Malawi X X X X 
Rwanda X X X X 
Tanzania X X X  
Uganda X X X  
Zambia X    
Zimbabwe  X X  
 
Contributors:  S. Beebe, M. Blair, P. Kimani, R. Chirwa, J. Ortube, M.J. Peloso, R. Araya, O. Chaveco, 
 C. Pérez, J.C. Villatoro, J.C. Rosas, D. Escoto, J. Acosta, A. Saleh, M. Nkonko, S. 
 Gebeyehu, F. Nsanzabera, S. Kweka, A. Nayamanja, K. Muimui, G. Makunde, M. 
 Grajales, C. Cajiao. 
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4.3.4.2 Status of CIAT supported nutritional breeding programs in the Andean Region 
 
Rationale:  As part of the Fontagro and AgroSalud funded projects on nutritional breeding, we have 
developed a strong collaboration with two bean-breeding programs within the Andean region of South 
America.  The first program was with Andean and Mesoamerican types for production in Bolivia, an 
important exporting country for the region but with significant localized consumption, and the second was 
for black-seeded Mesoamerican beans for production in Venezuela, a major importing country with a 
commitment to food security.   Both countries are linked to Colombia through trade; with Bolivia 
exporting to Colombia and Colombia having the potential to export to Venezuela.   As part of the 
collaborative project nurseries were shipped from CIAT to both countries and both national programs sent 
samples to CIAT for nutritional analysis. 
 
 
Materials and Methods: A range of experiments were conducted in the two countries and are 
summarized below: 
 
A) Bolivia – germplasm screening 
 
i.) NUA lines:   A total of 64 lines from the NUA nursery (red mottled Andean beans) were sent to 
Bolivia from CIAT and along with 2 control genotypes (PVA773=Rojo Oriental and CAL96). 
 
ii.) BIF lines:   A total of 55 lines from the BIF nursery (large red Andean beans) were sent to Bolivia 
from CIAT and planted along with 5 control genotypes (PVA773=Rojo Oriental, CAL96, POA13, 
Radical Cerinza, AFR298). 
 
iii.) VAM nursery:  Consisted of 49 genotypes from the 2005-6 nursery and included mostly 
Mesoamerican advanced lines (INB, MIB, and selections from these) as well as five Andean lines from 
the NUA nursery (CAL96, NUA4, NUA35, NUA56, NUA59). 
 
iv.) Small white, small red and black-seeded nurseries:  Included a total of 8 small white (navy) beans, 32 
small-red seeded beans, and 8 black beans each grown in separate experiments. 
 
All these experiments were planted as randomized complete block design experiments with three 
repetitions each in the experiment station I.I.A. “El Vallecito” in Santa Cruz, Bolivia during the 2007 
winter season (March to June).    
 
B) Bolivia – agronomic management 
 
i.) Pre-release testing of NUA lines:  In this experiment there was a comparison of 5 NUA lines (NUA21, 
NUA28, NUA30, NUA35, NUA56) with previously released varieties (Rojo Casarabe, Rojo del Valle, 
Rojo Oriental, Negro Chane and Perla Oriental = Perola).  The experiment consisted in a randomized 
complete block design with four repetitions and was part of an undergraduate thesis.  
 
ii.) Testing of foliar micronutrient fertilization:  A RCBD experiment with four repetitions, two genotypes 
(CAL96 and NUA45) and six treatment levels was set up to analyze the value of different foliar 
micronutrient fertilizers (Cosmoquel, Nutrex Soya, Absolutis, Macro Nutrex, Nutri Pak versus no 
fertilizer Control).   
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C) Venezuela – germplasm screening 
 
i.) Drought, disease-resistant and high mineral bean nursery:  36 genotypes of which 8 were MIB lines, 3 
were MAB lines (angular leaf spot resistance), 2 were EMP lines (Empoasca resistance), 20 were SER 
lines (small red drought), 2 were SEN lines and 1 was a SXB line (black seeded drought lines).  The 
experiment was conducted by INIA. 
 
D) CIAT – mineral analysis 
 
All samples were analyzed for seed iron and zinc concentration by atomic absorption spectrophotometry 
in the CIAT analytical services laboratory as described previously.   
 
Results and Discussion:  
 
For the germplasm screening in Bolivia, we found that many of the NUA, BIF, MIB and INB lines had 
higher than average iron content (Tables 130, 131,).  Soils at the Vallecito experiment station are 
generally favorable for iron accumulation and as seen in Table 132 averages were higher than observed in 
other countries of the Andean region (Colombia and Venezuela, for example).   This is perhaps due to the 
adequate fertility for many nutrients in these soils and their low organic matter.  Screening of drought 
breeding lines shows some variability for nutritional quality but overall there was an advantage of the 
biofortified beans in nutritional terms (Table 133).  Meanwhile, agronomic experiments in Bolivia 
showed that there was an effect of foliar micronutrient fertilizers on the iron and zinc levels of CAL96 
and NUA45, but that this effect was not consistent across varieties or types of fertilizers (Table 132).   
 
Table 130.   Seed iron and zinc concentration of entries from the NUA and BIF nurseries in Santa Cruz, 
 Bolivia in 2007 Winter season. 
 
 NUA nursery      BIF nursery    
Genotype Iron ppm CV Zinc ppm CV  Genotype Iron ppm CV Zinc ppm CV 
NUA 8  78.85 7.44 31.69 4.64  BIF 1 72.09 6.81 45.53 2.52 
NUA 9 85.79 2.36 32.64 0.15  BIF 2 74.66 12.35 40.23 4.85 
NUA 10 79.09 14.64 31.88 5.07  BIF 3 90.05 5.63 40.66 4.57 
NUA 11 81.08 14.05 32.21 1.14  BIF 4 68.75 16.89 39.56 6.75 
NUA 12 71.78 9.85 29.97 4.30  BIF 5 78.13 13.80 40.59 5.93 
NUA 13 81.35 12.99 33.27 7.96  BIF 6 66.49 16.44 34.08 3.00 
NUA 14 90.69 8.78 39.89 8.62  BIF 7 74.21 16.77 38.10 5.78 
NUA 16 76.85 8.10 36.88 4.47  BIF 8 93.62 5.64 47.42 9.41 
NUA 19 83.61 4.99 38.99 13.92  BIF 9 71.19 16.25 35.98 6.75 
NUA 20 94.21 16.04 36.96 6.85  BIF 10 68.04 11.95 36.10 13.14 
NUA 21 90.74 7.45 37.08 13.34  BIF 11 75.12 12.27 37.62 6.95 
NUA 22 101.43 6.89 38.80 0.85  BIF 12 78.58 3.66 40.28 6.89 
NUA 23 85.63 4.20 39.62 2.29  BIF 13 70.21 13.37 34.59 2.21 
NUA 24 99.99 13.71 44.40 1.39  BIF 14 66.56 7.66 34.06 10.95 
NUA 25 84.72 7.64 39.48 2.78  BIF 15 78.68 0.94 40.01 9.10 
NUA 28 82.77 5.46 36.85 4.21  BIF 16 79.02 8.60 38.27 7.14 
NUA 29 76.52 5.21 36.88 6.38  BIF 17 76.40 7.59 39.29 8.03 
NUA 30 72.87 11.62 35.78 7.71  BIF 18 80.70 17.01 39.34 4.33 
NUA 32 78.34 7.87 39.88 14.31  BIF 19 91.45 2.63 38.04 4.36 
NUA 35 91.26 10.56 45.39 10.52  BIF 20 70.40 3.25 35.47 6.32 
NUA 38 72.22 6.71 34.11 6.71  BIF 21 82.14 6.88 37.96 2.63 
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Table 130.  cont´d. 
 
 NUA nursery      BIF nursery    
Genotype Iron ppm CV Zinc ppm CV  Genotype Iron ppm CV Zinc ppm CV 
           
NUA 41 80.93 3.47 37.14 7.15  BIF 22 66.46 4.33 38.48 3.40 
NUA 42 55.25 7.53 31.46 4.97  BIF 23 76.40 3.48 38.74 8.97 
NUA 43 55.41 9.97 30.98 9.89  BIF 24 74.64 11.84 32.57 0.45 
NUA 44 73.90 18.14 35.27 3.79  BIF 25 69.67 3.07 33.79 12.90 
NUA 45 60.76 12.94 30.84 3.30  BIF 26 63.46 4.66 36.41 8.40 
NUA 46 86.14 17.94 39.97 4.39  BIF 27 84.04 2.79 45.76 2.36 
NUA 47 95.78 6.35 41.89 9.00  BIF 28 76.97 15.86 41.56 6.79 
NUA 48 63.75 4.70 27.92 13.65  BIF 29 81.71 1.93 45.33 4.41 
NUA 49 79.97 15.37 36.12 3.94  BIF 30 76.75 9.92 45.57 11.00 
NUA 50 73.85 17.72 33.65 12.55  BIF 31 67.54 17.68 42.18 11.49 
NUA 56 83.07 12.75 34.25 11.53  BIF 32 65.74 5.26 37.64 4.96 
NUA 59 90.53 5.90 32.84 11.84  BIF 33 71.38 1.56 38.57 5.40 
NUA 62 79.99 3.44 37.35 4.28  BIF 34 64.45 6.60 34.26 7.24 
NUA 63 77.08 2.17 35.23 6.14  BIF 35 68.99 16.48 33.88 3.26 
NUA 64 75.70 9.80 34.33 7.66  BIF 36 66.64 4.75 33.48 1.72 
NUA 65 69.38 15.23 36.79 19.03  BIF 37 66.88 11.43 35.39 4.05 
NUA 66 66.86 9.78 34.55 7.84  BIF 38 65.37 7.44 34.70 12.78 
NUA 67 86.76 10.76 48.35 7.97  BIF 39 77.37 5.44 37.63 8.46 
NUA 68 73.51 5.77 37.27 2.57  BIF 40 63.90 11.13 37.47 6.08 
NUA 75 78.37 7.54 36.53 4.01  BIF 41 63.38 4.98 36.50 13.25 
NUA 77 75.21 3.91 33.59 7.01  BIF 42 74.79 15.07 41.01 12.81 
NUA 78 93.04 5.12 41.65 9.40  BIF 43 69.43 9.29 38.53 13.60 
NUA 80 82.15 8.56 43.43 9.11  BIF 44 66.24 4.75 36.65 7.76 
NUA 81 73.82 5.97 33.31 3.29  BIF 45 65.14 8.37 34.78 7.00 
NUA 82 71.87 3.00 31.30 7.09  BIF 46 59.58 10.29 35.48 9.90 
NUA 83 73.47 5.89 32.96 9.18  BIF 47 67.18 12.70 32.38 11.09 
NUA 84 70.27 7.12 33.00 8.49  BIF 48 62.69 5.73 31.08 8.72 
NUA 85 70.00 1.25 32.51 2.80  BIF 49 63.11 6.01 31.56 5.00 
NUA 86 73.66 8.54 32.05 3.28  BIF 50 56.87 5.76 31.39 4.07 
NUA 87 75.29 9.32 34.59 9.78  BIF 59 70.65 8.30 39.30 1.90 
NUA 88 73.91 5.62 34.93 5.60  BIF 60 62.78 3.79 36.14 3.41 
NUA 89 73.61 9.21 31.89 3.38  BIF 61 64.56 5.44 34.85 5.08 
NUA 90 78.26 7.46 34.11 8.67  BIF 62 58.92 9.20 32.46 2.62 
NUA 91 70.00 13.02 31.70 6.95  BIF 63 64.26 5.41 41.37 12.33 
NUA 92 67.15 10.72 31.29 4.70  Average 71.35   37.64   
NUA 93 72.23 11.46 32.00 15.98       
NUA 94 67.33 12.81 31.53 4.98       
NUA 95 72.60 10.21 32.31 1.33       
NUA 96 73.23 9.33 33.78 4.35       
NUA 97 73.58 14.18 32.72 3.15       
NUA 98 66.90 10.73 32.82 8.77       
NUA 99 73.58 10.58 34.00 10.53       
NUA 100 64.31 5.33 33.11 0.81       
Average 77.38 8.96 35.31 6.75       
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Table 131.  Seed iron and zinc concentration (mg kg-1) of entries from the VAM nursery in Santa Cruz, 
 Bolivia in 2007 Winter season. 
 
Genepool Genotype Iron  Zinc 
  Average CV  Average CV 
Mesoamerican DICTA 17 88.25 9.00  39.55 4.12 
 DOR 500 85.22 1.50  39.45 20.78 
 FEB 226 84.35 15.17  48.74 7.23 
 G23818 B 87.57 3.54  47.45 18.78 
 G23834 E 84.74 21.31  48.46 12.84 
 INB 35 95.66 7.09  44.68 15.31 
 INB 36 69.15 14.46  36.78 4.03 
 Maharagi  Soja 71.88 4.66  43.68 5.86 
 MDSF 14734-31 69.30 7.16  43.01 15.56 
 MDSF 14744 -15 79.39 8.37  40.67 16.75 
 MIB 151 65.34 16.64  39.92 6.66 
 MIB 154 63.17 2.15  39.36 11.37 
 MIB 158 59.40 6.96  44.75 17.23 
 MIB 213 68.98 10.87  40.36 9.98 
 MIB 217 57.50 3.60  33.87 15.78 
 MIB 384 86.73 26.20  51.34 20.13 
 MIB 385 78.90 2.78  45.67 7.37 
 MIB 389 66.19 13.14  44.25 0.97 
 MIB 391 63.40 2.21  39.62 7.26 
 MIB 392 62.65 4.24  45.67 5.61 
 MIB 395 82.48 19.25  47.61 11.70 
 MIB 396 82.61 26.84  46.55 26.33 
 MIB 397 68.38 5.68  44.96 17.93 
 MIB 421 74.09 14.31  46.97 11.79 
 MIB 426 77.64 14.34  41.84 9.59 
 MIB 427 72.01 4.26  39.73 8.64 
 MIB 428 83.25 12.00  46.19 4.02 
 MIB 431 78.68 0.41  40.10 7.18 
 MIB 432 68.91 1.44  47.35 6.64 
 MIB 444 68.94 7.42  40.55 7.26 
 MIB 464 79.47 3.04  44.04 3.33 
 MIB 465 65.49 16.43  38.24 10.83 
 MIB 466 73.83 26.85  46.51 10.68 
Andean Cal 96 (TL) 65.25 13.40  38.95 12.46 
 NUA 4 (low Fe) 63.98 6.09  40.40 17.11 
 NUA 35 (high Fe) 81.73 14.24  48.72 11.54 
 NUA 56 (high Fe) 104.05 1.44  48.29 17.62 
 NUA 59 (high Fe) 105.03 10.28  47.76 9.03 
Average  75.67 9.14  43.30 1.31 
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Table 132.  Comparison of the seed iron and zinc concentration resulting from micronutrient 
 fertilization of CAL96 and NUA45. 
 
Genotype Foliar Fert. Iron  mg kg-1 CV Zinc mg kg-1 CV 
NUA 45 Nutri pak 90.12 16.43 34.23 15.05 
NUA 45 Absolutis 80.57 21.56 34.90 17.87 
NUA 45 Macro nutrex 78.51 19.76 34.66 12.64 
NUA 45 Control 77.84 10.25 31.69 14.09 
NUA 45  Nutrex soya 75.76 29.47 33.12 9.23 
NUA 45  Cosmoquel 71.67 7.41 31.92 4.54 
CAL 96 Cosmoquel 84.84 17.51 30.00 8.94 
CAL 96 Control 80.02 9.56 28.57 1.69 
CAL 96 Absolutis 77.19 16.87 31.92 11.24 
CAL 96 Nutrex soya 76.67 11.54 31.71 6.01 
CAL 96 Macro nutrex 70.32 4.43 26.26 3.23 
CAL 96 Nutri pak 69.40 11.00 29.89 14.07 
 
Table 133.  Comparison of the seed iron and zinc concentration results of experiments in Bolivia and 
 Venezuela. 
 
  Bolivia - NUA  Bolivia - BIF  Bolivia - VAM  Venezuela 
  Iron Zinc  Iron Zinc  Iron Zinc  Iron Zinc 
N  64 64  55 55  49 49  36 36 
Mean  77.38 35.31  71.35 37.64  75.63 43.33  53.29 35.74 
SD  9.60 3.99  8.04 3.86  8.78 3.82  7.60 5.69 
Variance  92.08 15.95  64.64 14.87  77.11 14.59  57.76 32.43 
SE Mean  1.20 0.50  1.08 0.52  1.25 0.55  1.27 0.95 
C.V.  12.40 11.31  11.27 10.24  11.61 8.81  14.26 15.93 
Minimum  55.25 27.92  56.87 31.08  58.62 33.87  41.36 26.56 
Median  75.50 34.18  69.67 37.63  74.78 44.04  52.41 34.58 
Maximum  101.43 48.35  93.62 47.42  95.66 51.34  71.78 49.02 
MAD  5.47 2.42  5.22 2.65  7.52 3.41  4.43 3.93 
Biased Var  90.65 15.70  63.46 14.60  75.53 14.29  56.16 31.53 
Skew  0.28 1.06  0.76 0.54  0.18 -0.16  0.47 0.40 
Kurtosis  0.21 1.00  0.32 -0.05  -0.79 -0.71  -0.22 -0.53 
 
 
 
For the germplasm screening in Venezuela, we also found that some of the MIB or INB lines had higher 
than average iron content, but generally levels of micronutrients were lower than in Bolivia (Table 134).  
The average concentrations of seed iron and zinc were 53.3 and 35.7, respectively.   The lines with best 
iron content were actually the angular leaf spot resistant lines MAB 382 (71.8 mg kg-1), MAB 359 (65.9 
mg kg-1), and one drought tolerant line SER49 (68.74 mg kg-1). The highest zinc content was found for 
MIB 394 (49.0 mg kg-1), SER 84 (45.8 mg kg-1), and MIB 390 (45.40 mg kg-1). In conclusion, iron levels 
for the nursery in Venezuela were generally average including for the MIB lines, while zinc levels were 
higher than observed at other sites in the Andean region and were high in some of the MIB lines.   The 
correlation between iron and zinc was lower than observed in other trials but was still significant (r=0.45, 
P<0.0054).  
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Table 134.   Seed iron and zinc concentration of entries from the VAM nursery in Venezuela. 
 
Genotype Color Seed Size Project  Iron mg kg-1 Zinc mg kg-1 
MIB 390 Black S Biofortification 61.62 45.40 
MIB 393 Black S Biofortification 55.41 40.86 
MIB 391 Black S Biofortification 53.82 43.05 
MIB 220 Blanca S Biofortification 52.41 38.80 
MIB 394 Black S Biofortification 50.59 49.02 
MIB 221 Small red S Biofortification 50.36 41.31 
MIB 396  S Biofortification 48.99 37.25 
MIB 333 Small red M Biofortification 46.72 43.57 
MAB 382 Carioca S Angular leaf spot 71.78 43.21 
MAB 359 Black S Angular leaf spot 65.91 38.27 
MAB 358 Black S Angular leaf spot 42.54 34.65 
EMP 522  S Multiple resistance 62.28 37.67 
EMP 509  S Multiple resistance 51.36 34.07 
SER 49 Small red M Drought 68.74 38.21 
SER 68 Small red S Drought 64.29 38.57 
SER 125 Small red M Drought 60.97 33.96 
SER 84 Small red S Drought 58.87 45.82 
SER 88 Small red S Drought 57.96 34.57 
SER 137 Small red S Drought 57.17 33.89 
SER 92 Small red S Drought 55.66 33.94 
SER 69 Small red S Drought 55.48 33.76 
SER 98 Small red M Drought 54.41 34.59 
SER 70 Small red S Drought 53.81 29.33 
SER 87 Small red S Drought 52.95 31.68 
SEN 37 Black S Drought 52.41 35.22 
SEN 36 Black S Drought 52.30 30.72 
SER 48 Small red M Drought 51.94 38.78 
SER 97 Small red M Drought 49.89 27.16 
SER 26  Small red S Drought 49.85 28.04 
SER 95 Small red M Drought 48.32 32.17 
SER 118 Small red S Drought 45.53 27.20 
SER 21 Small red S Drought 44.38 31.24 
SXB Negro S Drought 44.06 26.56 
SER 135 Rojo M Drought 42.16 30.37 
SER 12 Rojo S Drought 42.04 33.68 
SER 22 Rojo S Drought 41.36 30.16 
 
 
Collaborators:  M.W. Blair, C. Astudillo, S. Beebe, A. Hoyos, M.A. Grajales (IP-1, CIAT),  
 J. Ortube, J. Padilla, P. Tordoya, S. Martínez (UAGRM, Bolivia),  
 M.E. Morros,  R. de la Cruz, D. Perez (INIA, Venezuela) 
 
 
 
4.3.4.3   Further analysis of high mineral NUA lines for bioavailability and   bioefficacy studies  
Rationale:  Biofortified genotypes of common bean hold promise for improving nutritional status in 
many countries but require agronomic testing to determine their yield and adaptation potential.  Andean 
biofortified beans from the NUA series have generated interest in various countries of Africa and Latin 
America and are potential releases for Bolivia, Colombia, Malawi and Zimbabwe as well as being in high 
demand for bioavailability studies in Colombia, Cornell University and East Africa as well as nutritional 
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quality tests with various other partner universities. Two sister lines (NUA35 and NUA45) were selected 
for their high iron and zinc content.  Both of these were developed from the high iron source genotype 
G14519 in backcrosses with the recurrent parent CAL96 and have good red mottled seed type.  Over 
several seasons and sites CIAT and FIDAR have increased seed for NUA35, NUA45 and CAL96.  This 
report outlines the iron and zinc levels found over the seasons where multiplication was undertaken to 
produce grain for a human nutrition / bioavailability study with 360 children ages 3-5 in nursery schools 
in Cali, Colombia in collaboration with Univ. del Valle, Nutrition Department.      
 
Materials and Methods:   
 
CAL96, NUA35 and NUA45 were grown in various sites of the departments of Nariño, Cauca and Valle 
del Cauca between 2005 and 2006.   Most of the seed lots were produced in farmers’ fields or in CIAT 
production sites in Darien or Palmira.  Yield data was obtained for some plots and samples for analysis 
taken at harvest.   Iron and zinc content were determined by atomic absorption spectrophotometry in the 
analytical services laboratory of CIAT.  The objective was to select sites where there was a 20 ppm 
differential between the high iron genotypes, NUA35 and NUA45, compared to the control genotype, 
CAL96.   
 
Results and Discussion: 
 
Iron levels for the genotypes are shown in Table 135.   While the objective was to maintain a 20 mg kg-1 
differential between high iron vs. control genotypes, in some cases this level was lower probably 
reflecting genotype x environment interaction for the high iron trait.  A total of eight deliveries were made 
to Universidad del Valle between June 2006 and March 2007.  Each delivery consisted in 100 kg of either 
CAL96 (low iron bean) or high iron beans (NUA35 or NUA45 or a combination of both).  . NUA45 was 
multiplied in Cauca (Pescador) and Nariño (Yacuanquer) with concentrations of iron of 67.38 and 102.07 
mg kg-1, respectively.  NUA35 was multiplied in Cauca (Pescador), Nariño (Consacá) and Valle del 
Cauca (Darién) with iron concentrations of 82.10, 80.65 and 66.30 mg kg-1, respectively. CAL96 was 
multiplied in Cauca (Pescador) with an iron concentration of 57.3 mg kg-1 and in Valle de Cauca (Yotoco) 
with an iron concentration of 63.47 mg kg-1.  Unfortunately, seed increase was hampered by a low 
multiplication ratio for the large-seeded Andean types, therefore Yotoco and Darién seed were used even 
if the differential in iron content was not as great as expected.   This occurred toward the end of the 
bioavailability trial.   Zinc levels were high for the early production in Nariño and Cauca and lower for 
sites in Valle de Cauca.  
 
Conclusions and Future Studies: 
 
CAL96 and the NUA lines have proven to be popular for farmers in the areas where multiplication has 
been carried out and are being promoted by IPRA/CIAT and FIDAR in three departments of Colombia.  
Disease resistance has proven to be good for NUA lines in Colombia with NUA30 more resistant to Web 
Blight and Angular Leaf Spot perhaps due to its more open architecture.   A more recent increase of 250 
kg each of the NUA and CAL96 genotypes with a 20 mg kg-1 differential in iron content is being used in 
an animal study at Cornell University. 
 
 
Contributors:  M.W. Blair, C. Astudillo, R. Chirwa (IP-1, CIAT), J. Restrepo (FIDAR),  
 I. Roa (IPRA-CIAT), C. Araujo, B. Gracian, M. Mosquera, C. de Plata (Univalle),  
 J. Ortube (UAGRM, Bolivia) 
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Table 135.  Iron and zinc content in the genotypes NUA45, NUA35 and CAL96 in the multiplication 
 sites used for deliveries to Universidad del Valle for the human nutrition / bioavailability 
 studies carried out in Cali, Colombia. 
 
Delivery date Genotype Kg 
delivered 
Origin Iron ppm Zinc ppm 
12/6/2006 NUA45 100 Nariño - Yacuanquer 102.07 35.18 
 CAL96 100 Cauca - Pescador 57.29 31.95 
19/06/2006 NUA45 40 Nariño - Yacuanquer 102.07 35.18 
 NUA35 60 Nariño - Consacá 80.65 32.35 
 CAL96 100 Cauca - Pescador 57.29 31.95 
17/08/2006 NUA45 50 Nariño - Yacuanquer 102.07 35.18 
 NUA35 50 Nariño - Consaca 80.65 32.35 
 CAL96 100 Cauca - Pescador 57.29 31.95 
11/9/2006 NUA45 97 Cauca - Pescador 67.30 27.31 
 CAL96 100 Valle del Cauca-Yotoco 63.47 29.85 
23/10/2006 NUA35 30 Cauca - Pescador 82.10 35.03 
 CAL96 30 Valle del Cauca-Yotoco 63.47 29.85 
23/11/2006 NUA35 90 Cauca - Pescador 82.10 35.03 
 CAL96 90 Valle del Cauca-Yotoco 63.47 29.85 
9/3/2007 NUA35 55 Valle del Cauca-Darien 66.30 29.37 
 CAL96 50 Cauca - Pescador 57.29 29.85 
22/3/2007 NUA35 50 Valle del Cauca-Darien 66.30 29.37 
 CAL96 50 Cauca - Pescador 57.29 29.85 
 
 
4.3.4.4   Stability and geographic systems analysis of NUA advanced lines in Colombia and Bolivia 
 
Summary 
 
Nutritional deficiencies of Fe and Zn are considered a public health issue. Biofortification of crops such 
as bean (Phaseolus vulgaris L.) is proposed as an alternative to address these nutrient deficiencies. 
 NUA advanced lines of common bean have been developed in order to improve Fe and Zn content for 
commercial Andean red-mottled “calima” types in Colombia.:  These lines have been in agronomic trials 
since 2003 and are currently being considered for release. During the testing process, genotype-
environment (GxE) interaction has been found to be an important factor in the accumulation of these 
nutrients. This project, therefore, reviews the experimental results obtained to date in order to identify 
those lines with higher stability and to determine which soil or climatic variables are associated with the 
GxE.  An additional objective of the thesis has been to predict the geographic regions in which to 
continue with testing of NUA lines and to target potential release of these genotypes. NUA35 was found 
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to be the genotype with the highest stability and average content of Fe and Zn in all environments. A 
principal component analysis (PCA) with soil, climate and yield variables of all trial sites allowed the 
identification of two different variable associations, the first one related with pH value and cation 
exchange and the second, with organic matter content, precipitation and soil Fe content.  High 
seed Fe content was found in places with high soil Fe content or higher pH values.  Specific studies are 
proposed to define pH ranges, critical soil Fe or other nutrient levels that would allow a suitable 
phenotypic expression of the Fe accumulation potential of the biofortified NUA lines. Finally, using 
Homologue™ and other spatial analysis tools, it was possible to identify potential production zones to 
continue with experimentation and release of these genotypes. 
 
Results 
 
Figure 88 shows one of the stability parameters calculated for accumulation of Fe in the seed. Calculation 
of the Finlay and Wilkinson parameter confirms the analysis shown in Figure 88. NUA35 (lower right 
quadrant) has higher average Fe content and lower coefficients of variation. Due to the stability of 
NUA35 across trial sites used in this evaluation, it is proposed to release this genotype in bush bean 
production zones similar to those of the trials.  A preliminary exercise in the identification of similar 
environments has been carried out using climate, pH and organic material variables. The zones that are 
similar to each trial site were compared to bean production zones. Figure 89 shows the spatial distribution 
of similar areas with respect to production zones. In zones with probabilities greater than 50%, 
environments similar to each test site are expected to be found. In zones with probabilities less than 50%, 
greater complexity of environments is expected. In order to complement our knowledge of the phenotypic 
response of NUAs, establishing new test sites in environments not represented by the present test sites is 
proposed.  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 88.  Stability calculation for the accumulation of Fe in the seeds of NUA lines and CAL96, 
 according to method of Francis and Kannenberg (1978). 
 
  
Calculations based on results from field trials 
 in 8 locations:  
 
 Palmira (3°30'15''N ,76°21'22''W) 
 Darien (3°55'44''N ,76°28'23''W)  
 Popayán (2°31'21''N, 76°37'56''W) 
 Quilichao (3°44'26''N, 76°29'57''W) 
 Sandoná (1°15'42''N, 77°28'45''W) 
 Consacá (1°13'30''N, 77°28'21''W) 
 Yacuanquer (1°8'39''N, 77°27'23''W) 
 Vallecito- Bolivia (17°42'30''S, 63°8'48''W)  
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Figure 89. Predictive map to guide the identification of areas for the future release and testing of NUA 
 lines.  
 
 
 
Contributors:  F. Monserrate, G. Hyman (GIS Unit, CIAT), M.W. Blair (IP-1) 
 
 
4.3.4.5  Analysis of seed iron and zinc concentration in a collection of ECABREN and SABRN  
 released varieties 
 
Rationale:  As part of the Harvest Plus challenge program the ECABREN and SABRN teams have been 
assembling germplasm collections for the countries of Eastern and Southern Africa to evaluate for seed 
iron and zinc concentration.  In this section we will describe the analysis of over 200 released varieties 
from DR Congo, Kenya, Lesotho, Malawi, Mozambique, Swaziland, South Africa, Tanzania, Uganda and 
Zimbabwe.   Common bean is a primary source of proteins, calories and minerals in all of these countries 
and therefore it is important to have a baseline for iron and zinc content among improved varieties which 
have been widely distributed through the PABRA networks.    
 
Materials and Methods:  A total of 221 genotypes were planted in 2006 in the greenhouse and again in 
the field in CIAT-Palmira in two semesters of 2007.   Seed mineral content was evaluated at CIAT by 
grinding 3 g of oven-dried grain (two days at 40°C) into a fine powder using a modified Retsch mill with 
teflon chamber and zirconium grinding balls.  Powder was analyzed for both iron and zinc concentration 
measured in parts per million (mg kg-1) with Atomic Absorption (AAS) spectrophotometry in the 
Analytical Services laboratory and with Near Infrared Reflectance (NIRS) spectrophotometry in the 
 273 
Forages laboratory of CIAT.  In addition, growth habit of each genotype was registered in the field and 
the seed color and seed size evaluated in the fieldhouse.    
 
 
Results and Discussion:   Results of the greenhouse evaluation in 2006 allowed us to select 15 high iron 
genotypes (Table 136) but given variability in the greenhouse we felt it was important to evaluate the 
genotypes in the field in a follow up experiment.  For the 2007 data, comparisons of minimum, maximum 
and mean values for the 221 genotypes showed that for iron NIRS values were higher than AAS values 
while the opposite was true for zinc (Table 137).  Season B was also slightly higher in iron than season A 
while for zinc the two seasons were very similar.  Average values for iron (62 to 76) were above average 
for common bean (55 mg kg-1) while average values for zinc (24 to 29 mg kg-1) were lower than the 
averages previously reported.  This bias in the current sample is probably due to the larger representation 
of Andean beans compared to Mesoamerican beans which have analyzed previously.   In a related project, 
all of the genotypes have been used for DNA extraction and for genotyping through microsatellite 
fingerprinting confirming the predominance of Andean genotypes among the released varieties.    
 
Table 136.  High iron materials selected in a preliminary screening in 2006. 
 
Genotype Country Fe  
(mg kg-1) 
Zn  
(mg kg-1) 
Seed color Gene pool 
Nakaja DR Congo  80 27 Yellow M 
PAN 127 Zimbabwe 82 38 Cream A 
Local bean Zambia 84 24 Yellow A 
PVA 773 Mozambique 84 26 Red A 
MLM 127 (Mlama) Tanzania 85 31 Brown A 
CAL 124 CIAT 85 23 Purple A 
Lyamungo 85 Tanzania 86 24 Red A 
YC2 x Kabanima-3 Tanzania 87 27 Red A 
YC2 x Kabanima-2 Tanzania 88 27 Purple A 
Uyole 90 Tanzania 89 23 Cream M 
Urugezi Rwanda 91 31 Red A 
ARA 4 CIAT 95 25 Purple A 
SUA 135 Tanzania 96 27 Cream A 
Encarnado Mozambique 98 26 Red A 
Selian 94 Tanzania 98 25 Pink A 
 
 
Table 137. Descriptive statistics for seed iron and zinc content quantified through atomic absorption 
 (AAS) or near-infrared reflectance spectroscopy (NIRS) 
 
 AAS  NIRS 
 Iron  Zinc  Iron  Zinc 
  A B   A B   A B   A B 
Min 35.45 38.44  18.09 17.01  51.77 56.5  23.91 22.7 
Max 88.05 98.37  39.83 40.52  86.76 95.64  35.49 34.93 
Mean 61.58 62.01  26.46 23.89  69.2 76.25  28.34 29.05 
Std. Dev. 9.14 12.08  3.28 3.22  6.8 7.89  2.03 1.88 
Variance 83.61 145.98  10.77 10.39  46.32 62.37  4.12 3.55 
Coef var. 14.84 19.84  12.40 13.49  9.83 10.35  7.11 6.48 
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Pearson’s correlation values between iron and zinc from r=0.40 to r=0.49 were significant for each 
methodology used (Table 138) and were similar though somewhat lower than previously reported 
correlation values, which usually range from r=0.50 to r=0.65.  Correlations between semesters were 
significant for AAS in iron (r=0.29) and zinc (r=0.60) but in NIRS were only significant for zinc (r=0.59).  
The higher correlation of zinc between semesters as compared to iron suggests, that on CIAT soils 
genotype x season effects are greater for iron than for zinc.  Meanwhile, the results from AAS and NIRS 
were significantly correlated (at P<0.05) in the case of zinc (r=0.38 and 0.30 for semesters A and B, 
respectively) but not in the case of iron (r=0.15 and r=0.29, respectively).  These results suggest that 
future work should be used to modify the NIRS equations for seed iron analysis of Andean genotypes but 
that zinc measurements are reliable.  Given the inconsistencies between methodologies we decided to 
continue selections based on AAS results rather than NIRS.   For this, we selected genotypes that were the 
most stable (lower than 10% CV) and with iron content above 64 mg kg-1 or zinc content above 24 mg   
kg-1.   The best of these genotypes are shown in Table 139 and Figure 90, where many of the genotypes 
were large to medium seeded cream or red mottled beans.  
 
Table 138.  Pearson’s Correlations between seed iron and zinc content quantified through atomic 
 absorption (AAS) or near-infrared reflectance (NIRS). *indicates P<0.05.  
 
Corr Pearson AAS  NIRS  AAS  NIRS 
  Fe A Fe B  Fe A Fe B  Zn A Zn B  Zn A 
AAS            
 Fe B 0.29*          
NIRS Fe A 0.15 0.21         
 Fe B -0.03 0.29  0.03       
AAS Zn A 0.49* 0.28  0.31 0.24      
 Zn B 0.35 0.40*  0.16 0.18  0.60*    
NIRS Zn A 0.31 0.22  0.49* 0.27  0.38* 0.16   
 Zn B 0.23 0.33  0.26 0.44*  0.28 0.30*  0.59* 
 
 
Table 139.  Best genotypes to use as parents in a nutritional breeding program based on high seed iron 
 or zinc and low coefficients of variation between two semesters in 2007.   
 
Sample Name Country Semester A Semester B 
   Fe mg kg-1 Zn mg kg-1 Fe mg kg-1 Zn mg kg-1 
Seed Fe amount      
5 GLP    2 KENYA 67.61 26.91 64.61 23.87 
19 NAKAJA DRC 72.24 25.58 79.60 26.50 
27 NAMULENGA DRC 67.48 22.66 72.62 25.32 
40 UYOLE 94 TANZANIA 68.84 28.31 77.31 26.87 
51 AFR735 CIAT 80.87 35.23 72.74 25.93 
72 SUA  135 TANZANIA 73.34 30.17 75.64 23.74 
74 UYOLE 96 TANZANIA 75.05 29.59 67.23 23.04 
85 BAT 1251 CIAT 67.10 25.84 71.97 23.94 
87 G  23070 CIAT 73.50 25.69 76.23 24.23 
91 MLM  127 (MLAMA ) TANZANIA 82.56 34.78 84.66 31.13 
95 MCD 2519  71.16 25.72 68.29 22.37 
102 LUGEMBA I TANZANIA 64.56 24.74 67.68 28.37 
103 KASUKANYWELE  TANZANIA 81.38 31.98 72.83 25.39 
110 NRI 7078/2 TANZANIA 65.40 28.49 68.30 26.37 
113 ROSEKOLO MVIRINGO TANZANIA 68.27 25.74 69.24 21.45 
129 JENNY SWAZILAND 74.91 29.16 70.86 26.79 
140 SUGAR 18 MOZAMBIQUE 70.88 27.55 68.87 26.59 
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Table 139.   cont’d.   
 
Sample Name Country Semester 
A 
Semester 
B 
  
   Fe mg kg-1 Zn mg kg-1 Fe mg kg-1 Zn mg kg-1 
143 SIMR-31 MOZAMBIQUE 74.32 28.21 72.47 22.81 
144 LIMPOPO MOZAMBIQUE 69.97 27.88 67.34 23.02 
158 A334 MALAWI  67.45 25.87 67.79 21.48 
164 CHIMBAMBA MALAWI  65.28 31.13 72.19 29.07 
175 PAN  127 ZIMBABWE 77.39 36.32 82.16 37.68 
186 SOLWEZI ZAMBIA 67.06 26.84 69.96 24.78 
197 ZAA  55 ( A  53 ) SOUTH AFRICA 68.85 31.44 71.26 30.06 
Seed Zn amount      
1 URUGEZI RWANDA 61.86 28.88 90.83 31.26 
7 GLP   24 KENYA 63.23 31.18 73.98 27.75 
84 ZAA12 CIAT 56.11 29.11 54.03 26.52 
91 MLM  127 (MLAMA ) TANZANIA 82.56 34.78 84.66 31.13 
101 LUGEMBA I TANZANIA 64.56 24.74 67.68 28.37 
108 NRI 7070/2 TANZANIA 54.79 27.14 72.58 29.44 
114 YC2 X KABANIMA-1 TANZANIA 62.34 29.98 63.68 31.45 
125 PAN  148 SWAZILAND 61.29 30.58 62.20 27.93 
129 JENNY SWAZILAND 74.91 29.16 70.86 26.79 
136 PAN  146 SWAZILAND 65.77 28.88 55.95 25.86 
147 SABIE MOZAMBIQUE 57.57 29.31 65.05 26.69 
155 SUGAR 131 MALAWI  61.97 29.78 71.56 26.91 
164 CHIMBAMBA MALAWI  65.28 31.13 72.19 29.07 
170 NASAKA MALAWI  61.48 27.23 76.69 29.77 
175 PAN  127 ZIMBABWE 77.39 36.32 82.16 37.68 
184 LUSAKA ZAMBIA 60.31 28.61 50.13 28.56 
197 ZAA  55 ( A  53 ) SOUTH AFRICA 68.85 31.44 71.26 30.06 
199 OPS-RS4 SOUTH AFRICA 66.15 28.69 53.86 26.78 
183E CHILEMBA MUYEZO ZAMBIA 66.68 27.18 76.90 30.43 
 
 
 A.      B. 
 
    
 
Figure 90. Genotypes with the highest A) iron or B) zinc values among 221 ECABREN and SABRN 
 genotypes with numbers corresponding to sample numeration in Table 139.   
 
 276 
Conclusions and Future Plans:    
 
The best genotypes for iron and zinc content were almost all of Andean origin which is promising for the 
Andean nutrition breeding program where G14519, G21242, G23823E, NUA30, NUA35, NUA45 and 
NUA56 are favorable sources of the high iron trait.  Phenotypic results will be further associated with 
population structure results from the molecular analysis as well as with field data on flowering time, days 
to maturity, yield per plant and other characteristics from a randomized complete block design experiment 
conducted in the dry season of 2007.   In addition, NIRS will be improved for Andean beans since AAS 
was found to be more appropriate given the current equations.  Improvements in the NIRS equation will 
depend on accurate quantification of iron and zinc in standard, non-segregating samples that are evaluated 
on AAS and ICP analysis.  Improvements in NIRS are expected to save resources as this would be a 
much less expensive method of analysis.   
 
Collaborators:  M.W. Blair, N.M. Moreno, C. Astudillo, P. Kimani, R. Chirwa  
 
 
4.3.4.6   Status of regional evaluation of micronutrient dense bean lines in eastern Africa 
 
Rationale: Dietary improvement through biofortified food crops, is probably the most effective and 
sustainable strategy for reducing micronutrient deficiencies in Africa. This approach aims to increase 
dietary availability, regular access and consumption of mineral-rich foods in at - risk and micronutrient-
deficient groups of populations. It involves development and promoting enhanced consumption of 
culturally acceptable, mineral rich grains and vegetables. Common bean offers unique opportunities for 
improved micronutrient nutrition and food security because it is widely grown (3.7 million ha annually in 
Africa) and consumed; it is rich in protein (>20%), minerals and calories, and is relatively cheap and 
highly marketable. A regional breeding program was initiated in 2003 to develop and disseminate 
micronutrient dense bean varieties. Project activities include involve screening of local and introduced 
germplasm for mineral concentration, selection of bean lines rich in micronutrient and resistance to 
diseases and pests, participatory evaluation to identify candidate lines, assessing nutritional value of 
traditional and new bean-based recipes and products, and developing capacities of stakeholders to 
disseminate and utilize these technologies. More than 1,400 germplasm accessions have been screened for 
iron, zinc and protein concentration in eastern Africa. Results have shown that considerable genetic 
variation exists to facilitate improvement of iron by more than 80% and zinc by more than 50%. Iron 
concentration varied from 40 to over 100 mg kg-1. Zinc concentration varied from 18 to over 50 mg kg-1. 
Thirty eight lines selected from initial screening of germplasm were distributed to more than nine 
countries in east and central Africa for further agronomic evaluation with potential end users. The 
objectives of these regional evaluations were to: (i) test these lines for local adaptation and farmer 
preferences, ii) identify candidate varieties for release, and (iii) produce breeder seed to facilitate broader 
dissemination. In this report, we highlight progress made in this activity.  
 
Materials and Methods: Thirty-eight with lines were distributed to trial sites in nine countries in east 
and central Africa (Burundi, D R Congo, Ethiopia, Kenya, Madagascar, Rwanda, Sudan, Tanzania and 
Uganda) between 2004 and 2006. These lines had more than 65 mg kg-1 Fe and/or 28 mg kg-1 Zn and 
included a few low mineral density checks. They included both bush and climbing types, a range of grain 
types and representing the two gene pools. Steps during the evaluation process included observation 
nurseries, preliminary yield trials, advanced yield trials and national performance trials.  Both on-farm 
and on-station trials were conducted in major bean production regions following standard agronomic   
procedures for variety testing. Data were collected on phenology, disease reaction, grain yield and other 
farmer preferred traits. Genstat and MStat-C software were used for analysis of variance. 
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Results and Discussion: Number of lines decreased with stage of evaluation (Table 140). Each country 
selected lines adapted to local production conditions. Countries were at different stages of evaluation and 
selection by late 2007 depending on when activities were started. Thus Burundi, Madagascar and Sudan 
were completing the preliminary yield trials.  In contrast, DR Congo, Rwanda, Kenya, Ethiopia, Tanzania 
and Uganda had completed advanced yield trials. Burundi had 15 bush lines in preliminary yield trials 
and 5 climbing bean lines in advanced yield trials at three locations.  In eastern DR Congo, eight lines 
were in national performance trials at eight locations.  In western DR Congo, 12 lines were selected for 
national performance trials were in evaluation at eight locations. In Ethiopia, 16 lines were evaluated in 
national variety trials at six locations. Four candidate varieties were identified. In Kenya, 19 lines were 
evaluated in national performance trials at 8 locations. Seven candidate varieties were identified. Three 
were climbing and four were bush. In Rwanda, the advanced yield trials were conducted at one location. 
Four promising lines were identified. Tanzania had 12 lines in uniformity trials (national performance 
trials) at seven locations. Uganda had nine lines in national performance trials conducted at two locations. 
At least one variety is expected to be released in 2008. Most countries started production on nucleus and 
breeder seed during the short rain season of 2007 to facilitate DUS tests where required and to facilitate 
commercial seed production.  
 
 
Table 140.  Status of evaluation and selection of micronutrient dense lines from fast track nursery in 
 eastern Africa, December 2007. 
 
Country Evaluation Stage/number of lines selected NPT Sites 
(Dec 2007) 
Promising 
lines 
 PYT* AYT* NPT*   
Burundi 15 (bush) 5 (climbers) - 3 - 
DRC-East Yes Yes 8 6 - 
DRC-West Yes Yes 12 8 - 
Ethiopia Yes Yes 16 6 4 
Kenya Yes Yes 19 8 10 
Madagascar 38  - - - - 
Rwanda Yes Yes  - 1 4 
Sudan 19 - - - - 
Tanzania Yes Yes 12 7 - 
Uganda Yes Yes 9 2 >1 
* PYT= preliminary yield trials, AYT= advanced yield trials, NPT= national performance trials; Yes= stage 
completed; - = information not available. 
 
 
Evaluation for Disease Reactions.  
 
The fast track nursery has been evaluated for disease reaction under field conditions in participating 
countries. Results showed that most lines had moderate levels of resistance to angular leaf spot.  
However, Gofta and VNB 81010 intermediate reactions to bean common mosaic virus. Maharagi Soja 
and Roba-1 are susceptible to the necrotic strains of bean common mosaic virus and probably have the I-
gene. MLB 48-89 A and VNB 81010 also seem to have I-gene. Most of the lines showed resistant 
reactions to infection by rust. This indicated that although these lines have good levels of Fe and zinc, 
efforts should be made to improve resistance to these diseases. 
 
Seed production and Dissemination.  
 
Several countries increased seed of fast track lines to facilitate local trials and germplasm exchange with 
other countries and dissemination to farmers. The regional program in Kenya increased seed of 
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biofortified varieties at Kabete, Thika, Ol Jorok and Laikipia. Seeds were shipped to western and eastern 
DR Congo, Rwanda, KARI-Katumani, Tanzania (Selian Agric Research Institute), Denmark, Sokoine 
University, Madagascar and Cameroon. More than 9,000 kg of five fast track lines (Maharagi Soja, 
Ngwinurare, AND 620, MLB 40-89A and MLB 49-89A) were produced and distributed to communities 
in six districts (Ruhuha, Ruhengeri, Gihara, Kigali, Kigoma and Rwamagana) in Rwanda in partnership 
with the ATDT Health and Agriculture project. Lagrotech Seed Company increased seed of biofort 
varieties to facilitate on-farm trials and multilocation on-station trials. DR Congo increased seed to meet 
local needs and shipment to Burundi. KARI-Katumani increased seed at Kiboko.  
 
Contributors:  Paul Kimani, Capitoline Ruradama (Burundi), Nkonko Mbikayi (DRC-east), Lodi Lama 
 (DRC-west), Setegn Gebeyehu (Ethiopia), David Karanja and Moses Onim ( Kenya), 
 Herimihamina  Andriamazaoro (Madagascar), Augustin Musoni (Rwanda), Michael 
 Ugen (Uganda), Festo Ngulu (Tanzania); Martha Nyagaya (CIAT), Sindi Kasambala  
 and Pyndji Mukishi (ECABREN) 
 
 
 
4.3.5   Varietal releases in Latin America and Africa (2005-2007) 
 
Latin America: 
 
Country Name Origin Year of 
release 
Bolivia Negro Chane  Línea TB 94-01 2005 
 Perla Oriental Líneas A 445 x A 264 (Hibridación) 2005 
Costa Rica Chánguena MR 13652-39 (Bribri x (VAX 1 x RAB 655) 2006 
 UCR 55 Línea NJBC-20601-1-CM(71) 2007 
Nicaragua INTA precoz SRC 2-18  2006 
 INTA Seda (Pre-release) DOR 364 x Rojo Seda 2006 
 
 
Africa:  
 
Country Line code or  
G number 
Varietal name Year of release Source 
D.R. Congo (west) CODMLB 007 - Pre-release 2007 Line with CIAT parents 
 CODMLB 078 - Pre-release 2007 Line with CIAT parents 
 G 59/1-2 - Pre-release 2007 CIAT line 
 M’Sole M’Sole Pre-release 2007 Landrace 
 VCB 81013 - Pre-release 2007 CIAT line 
 HM 21-7 - Pre-release 2007 CIAT line 
 - Maharagi Soja Pre-release 2007 Landrace/CIAT line (?) 
 LIB 1 LIB 1 Pre-release 2007 Landrace 
 - Kiangara Pre-release 2007 CIAT line 
 MLV 59/97 A - Pre-release 2007 Line with CIAT parents 
 XAN76 Kipopo 6 2006 CIAT 
 DOR715  2006 CIAT 
 DB196  2006 CIAT 
  DOR 71 2005 CIAT line 
  UBR (92) 244/11 2005 CIAT cross 
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Country Line code or  
G number 
Varietal name Year of release Source 
 
Ethiopia 
 
NZBR-2-5 
  
2006 
 
 STTT-165-92 Chore 2006 Melkassa (CIAT line?) 
 RAB 484 Dinknesh 2006 Melkassa (CIAT line) 
 XAN 310 Melka Dima 2006 Melkassa (CIAT line) 
 G843 Haramaya 2006 Alemaya University  
(CIAT line) 
 STTT 165-96 Chercher 2006 Alemaya University 
 (CIAT line?) 
 XAN 317  2005  
 RAO-4  2005  
 RBO-6  2005  
  AR04GY 2005  
  TA04JI 2005  
Kenya E8  2006 University of Nairobi 
 E2  2006 University of Nairobi 
 E4  2006 University of Nairobi 
 E7  2006 University of Nairobi 
 M18  2006 University of Nairobi 
 M22  2006 University of Nairobi 
 L36  2006 University of Nairobi 
 L41  2006 University of Nairobi 
 AFR 708  2006 CIAT line 
 SCAM 80 CM/15 KK 8 2006  Line with CIAT parents (?) 
 MAC 13  2006 CIAT cross 
 MAC 34  2006 CIAT cross 
 MAC 64  2006 CIAT cross 
 ? Wairimu dwarf 2006 Kenya Seed Company 
 MLB 49 89A KK 15 2006 INERA- Mulungu 
 Lyamungu 85  2006 SARI, Tanzania 
Lesotho TEEBUS-RR1  2005  
 CAL 143  2005  
Malawi BCMV-B2  2005 Bean-Cowpea 
 BCMV-B4   2005 Bean-Cowpea 
 F7 BC D/O 19  2005 Bean-Cowpea 
Mozambique CAL143  2006 CIAT 
 SUG131  2006 CIAT 
Rwanda  RWV 992  
RWV1129 
2005 Line with CIAT parents 
  RWR 2142  
RWR 2155 
2005 Line with CIAT parents 
South Africa Teebus-RCR 2   2005 Breeding line from South 
Africa 
 Sederberg  2006  
Tanzania SEL 2005  2005  
 G 1160  2005  
Swaziland  JENNY 2006 ARC-South Africa 
 TEEBUS RR-1  2006 ARC-South Africa 
 CAL143  2006 CIAT 
 PAN 150  2006  
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Country Line code or  
G number 
Varietal name Year of release Source 
 
Uganda 
 
RWR2075 
 
NABE13 
 
2007 
 
CIAT line 
 RWR1946 NABE14 2007 CIAT line 
 RWR 2075  2006 ISAR, Rwanda 
 RWR 1946  2006 ISAR, Rwanda 
Zambia KID31 Kabale 2007 CIAT 
 C20P30 Kapisha 2007 ZARI 
 Kabulangeti Kabulangeti 2007 Local landrace 
Zimbabwe SUG131  2007 CIAT 
 CIM9314-18  2005  
 
 
 
 
Progress towards achieving project milestones: 
 
 
• Exchange of germplasm continued to prove to be very useful within the SABRN, where some 
countries do not have bean breeding programs of their own.  This activity continued to offer such 
countries access to a wide range of germplasm from which they identified good bean varieties for the 
production environments in their countries.  During this reporting period 2 countries, Zambia and 
Zimbabwe released one bean variety each, which were accessed through regional germplasm 
exchange, although they have breeding programs of their own. SUG131 was released in Malawi in 
2002, then Mozambique and Swaziland in 2006, now Zimbabwe in 2007.  This proves that some 
varieties can be recommended across countries. 
 
 
• Breeding for micronutrient dense varieties firmly established in Kenya, Malawi and DR Congo, and 
in advanced stages in Uganda, Ethiopia, Tanzania and Rwanda 
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Activity 4.4   Development of sustainable seed systems to support wide dissemination  
 
Highlights:  
 
• Progressive institutionalization of wider impact ( participatory variety selection and seed systems) 
in many PABRA countries. This has led improved production and accelerated supply of improved 
beans seeds to farmers including newly released bean  varieties)  
  
• The outcome and impact of accelerated seed accessibility (wider impact) is starting to be noticed 
 
• Deliberate effort to support the weak or lagging behind NARSs e.g. Madagascar, Mozambique, 
Burundi in strengthen their wider impact( seed systems)  
 
• Initiation of several projects with wider impact (seed systems ) components linking variety 
development in several countries  e.g. Kenya-Ethiopia (TLII), Rwanda-DRC (CIALCA) and 
Malawi/Mozambique and Tanzania (McKnight supported project)  
 
• Expansion and use of the wider impact approach beyond beans and in other institutions.  
 
4.4.1 Progressive institutionalization of wider impact (seed systems) in many PABRA countries  
  
Seed systems operations involve a range of different activities from the initial identification of farmers’ 
variety preferences; to seed production and post harvest management; to marketing/supply of preferred 
varieties; to information exchange about varieties in the larger farming community; to building the skills 
of farmers and other partners all along the production and delivery sequence. These operations cannot be 
carried out by single organization.   Several of those activities aiming at consolidating the wider impacts 
were carried out in several PABRA member countries.  
 
4.4.1.1  Training of diverse organizational partners  
 
The training of diverse partners  (farmer seed producers,  NGO and development  partner organization 
staff and NARS research  personnel  (Table 141) on Participatory Variety Selection (PVS and seed 
systems took place in different countries namely Malawi, Tanzania, Mozambique, Ethiopia, Rwanda, 
DRC and Cameroon. The training sessions covered several aspects such as:  
• Selection of genotypes to be included in PVS 
• Establishment and conduct of PVS trials with  the partners 
• Roles of partners in the evaluations of genotypes, data collection and analysis, steps to follow 
after identification of preferred genotypes 
• Linking PVS to seed systems e.g. seed increase and access to a wider number of farmers, 
information flow about the best genotypes e.g. development of resource manuals 
• Participants also learned to develop M+E tools for PVS and seed systems evaluation 
• Initiation and management of partnership in decentralized seed systems  
• Bean variety demand creation  
• Establishment and management of decentralized/community –small scale seed projects 
• Bean seed pre and post harvest management 
• Seed diffusion and marketing 
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Table 141.   Training of trainers on PVS and seed systems in PABRA Countries during 2007. 
 
Date Trainees’ 
affiliations/organizations 
Number of trainees 
5-8/2/07 ISAR &INERA and their partner 
organizations  
23 
12-14/03/07 DARS staff and partners  12 
15-17/03/07 IIAM staff and their partners  26 
19-21/03/07 ARI Uyole Tanzania  30 
11-14/7/07 IPMS-ILRI-staff/EIAR -MoA 
and partners  
27 
23-25/7/07 ISAR/CIALCA staff and their 
partners a 
15 
 
 
4.4.1.2   Establishment of Partners’ platform  
 
NARSs and their partners in Ethiopia, Malawi, southern Tanzania, and Rwanda continued to catalyze and 
consolidate the partnership through the formation of platforms with the following objectives:  
1. Initiation of partnership and its management in seed systems  
2. Planning of bean research for development activities  
3. Sharing of  experiences and information on bean market and opportunities  
4. Establishment of an embedded M+E  
5. Formation of partners’ network and interest groups among partners.  
 
At national level, the partnership is mainly composed of NARS, seed producers (formal and 
decentralized), bean grain traders, government organizations dealing with trade, extension and seed 
regulatory bodies. These linkages with the industry have facilitated the acceleration of the bean varieties 
uptake including the recently released varieties (Table 142). While before the application of the wider 
impact approach, varieties were delaying 10 years or more on the shelf before reaching end users (e.g. 
Awash One in Ethiopia), nowadays varieties are even used before they are released since they are known 
and sought by end users including the grain market.  
 
Table 142.    Reduced time lag between variety release and wider use.  
 
Country  Variety  Year of released  1st year of wider use  
Ethiopia  Awash Melka1 1999   2004 
Awash One2 1995   2004 
AR04GY  2004 2005 
Ibado  2003 2004 
ACOS Red  2005 2004 
Southern highlands of 
Tanzania  
DRK 124  2003 2004 
 Uyole 03 2003 2005 
 Urafiki  2003 2005 
 Uyole 04 2004 2006 
 
                                                          
1 Awash Melka: despite its appreciation by the navy bean market, it stayed on the shelf for about 5 years after its 
release till wider impact in 2004  
2 Awash One: Despite also its appreciation by the industry, it stayed on the research shelf for about 10 years.  
 283 
4.4.2  Outcomes of wider impact initiated in some PABRA countries  
 
4.4.2.1  Seed supply and dissemination in six PABRA member countries  
 
The basic seed availability to partners and also the supply of certified seeds are the cornerstones of wider 
impact. Table 143 illustrates the amount of seeds produced and supplied to partners/farmers and 
households reached in some PABRA countries. 
 
Table 143.  PABRA outcomes on seed dissemination (tons) and number of farm households (# Hh) 
 reached in 2007 in 7 of 18 PABRA member countries. 
 
Countries Basic seeds (tons) from 
NARS to partners 
Seed3 # of households beneficiaries  (tons) supplied in 2007 to 
farmers 
Burundi 8.90 69.5 30,450 
Ethiopia 15.45 2099.0 116360 
Kenya  60.50 350.0 153500 
Malawi  3.50 7.54 13722 
Mozambique  1.00 2.0 - 
Rwanda  8.45 210.0 94560 
Southern 
Tanzania  
10.80 78.0 35,450 
Total  107.6 2816.04 444,042 
 
 
4.4.2.2    Increase bean production and yields 
  
The wider approach initiated since 2004 has started bearing fruit not only on the wider use of 
technologies but also tangible benefits such a huge increase of bean production as result of increase of 
areas under bean production (high demands) and yield. For instance, in Ethiopia during the two crop 
seasons of Belg (short rain crop season of February to May and Meher (Long rain season of June to 
September/Octobr) (Figures 91, 92 and 93), the bean production parameters have made an huge 
increments.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
                             Source: Central Satistics Authority (CSA), Annual Report 2003,2004,2005,2006 
 
 
Figure 91.     The trend of area under beans  
                                                          
3 Seeds implies certified and farmer accepted quality seeds produced by decentralized seed producers supported by 
partners  
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                          Source: Central Satistics Authority (CSA), Annual Report 2003,2004,2005,2006 
 
 
 
Figure 92.   Production trends of the beans as results of wider impact initiative  
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Figure 93.   Yield trends of the beans as results of wider impact initiative  
 
 
 
Similar trends though relatively smaller are also seen in Tanzania.  The Ethiopian data from NARS 
(Figures 91 and 92) are confirmed by the FAO data (Table 144)  
   
Table 144.    Bean Production data between 2002-2006 in Ethiopia, Uganda and Tanzania. 
 
Country  Areas (000 ha) Production (000 tones) Yield level (kg ha-1) 
2002 2006 Incremental   
change 
(06/02*100) 
2002 2006 Change 
(06/02*100) 
2002 2006 Change 
(06/02*100) 
Ethiopia  181.6 241.0 133.1 117.5 176.0 150.4 490.0 730.2 149.0 
Uganda  765.0 849.0 110.9 535 424.0 79.2 699.3 499.41 71.4 
Tanzania  370.0 380.0 102.0 270.00 290.0 107 729.7 763.1 104.5 
Source: (FAOSTAT, 2008)  
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Considering that the majority of farmers rarely use any other yield enhancing inputs except seeds, there is 
not doubt that the wider accessibility and use of improved varieties as result of wider impact played a 
major role in the increase of yield of beans in Ethiopia and slight increase in Tanzania. While the increase 
in Ethiopia covered the whole due a range of actors and with very good policy and leadership, in 
Tanzania interventions are still localized in the region where NARS have stations such as the southern 
Highlands and northern zone  
 
4.4.2.3    Market outlet opportunity created by decentralized seed systems 
 
As demands of improved varieties increase through decentralized seed systems, several opportunities are 
also created e.g. seed kiosks/shops are increasing selling seeds of popular varieties (non certified but local 
produced by farmers) e.g. a shop in Kabale Town (South West Uganda) was able to sell about 6 and 4 
tones of root rot tolerant varieties NABE 13 (RWR 2075) and NABE -14 (RWR 1946) respectively 
(Figure 94).  The shop owner contracted farmer seed producers and bought seeds at better price than bean 
grains (USD 0.80 per kg while grain is at USD 0.60  per kg).  
 
 
 
   
 
 
Figure 94.    An agro –input dealer selling non certified but farmer acceptable quality seeds of NABE-13 
 in Kabale Town (South-West Uganda).  
 
 
4.4.2.4    Deliberate effort to support the weak or lagging behind 
 
Due to multiple reasons, ranging from civil strife (Burundi) or weak NARS ( Mozambique and 
Madagascar),  seed systems  still lag behind in those countries. Therefore,  deliberate efforts to uplift  
them were carried out.  Training sessions with partners were organized in both Mozambique and 
Madagascar. Technical and financial supports were given to produce enough foundation with partners 
especially seeds of the recently released varieties. The NARS in those countries agreed to engage partners 
in seed systems activities such as the identification of germplasm to multiply, development and delivery 
of appropriate information, the seed multiplication and eventually establishment of decentralized seed 
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production. Table 145 shows the on going effort for the production of foundation seeds in Madagascar. 
Furthermore, in addition to local capacity building in seed systems, the decentralized seed production 
ensured that each area multiplied  the variety (s) of farmers’ choice, reduction of the cost of transport and 
other related concerns such as late delivery.   
 
Table 145.    Decentralized production of foundation seeds of new released varieties in Madagascar and 
 engagement of partners in 2007. 
Sites/areas  Varieties  Partners  
Antsirabe (1.5ha)  CAL 98, RJ1, Gioano Precoce, Ikinimba, 
VIT920, RJI 
DRK 64, RI 5-1, 5-2, RI5-3, DFA 54, 
Xan 76  
Individual and association of 
Tsinjoaina, FJMTK  
Antananarivo (0.25ha)  CAL 98, RJ AMADEA and LAVASOA 
Behenjy  (1ha)  RJI  Individual  
Itasy  CAL 98, RI5-5  
DRK 64, Nain de Kyondo  
Farmer association and individual  
Ambatondrazaka (0.5 ha)  5 varieties  FOFIFA-Station  
Fianarantsoa & Manakara 
(2ha)  
4 varieties  CTHA, AFDI/PSA  
Toliary (1.5 ha)   4 varieties  MDP  
 
A similar effort was also going on in Burundi where NARS got support to multiply newly pre-released 
and released varieties namely AND 10, Vuninkingi, Moore88002, Muhondo, IZO201245, IZ0201299, 
IZO201245, IZO201513 , IZ0201285, G13607, G2256, Dore de Kirundo, KAT B1, KAT 9, KAT 69 and 
KATX 56,   Mukungungu, MLV206/96B.  
 
This was done in collaboration with several partners such as FAO, public extension services, ISABU pre-
extension service and several NGOs such as CRS, GTZ , Concern, Caritas Belgium  and GVC.  The Bean 
National Programme in Burundi also developed and produced several information tools targeting both 
farmers and extension staff. Also CIAT bean seed production manual was translated into Kirundi and 500 
copies supplied to partners.   
 
In Mozambique, seed activity has been carried through the “Getting Back to Basics” project supported by 
the McKnight Foundation.  
 
 
4.4.2.5   Support for the production of foundation of newly released varieties to other countries  
 
The support was geared toward the seed increase of breeder seeds of the three climbing bean varieties 
about to be released (MAC 13, MAC 34 and MAC 64) by KARI-Embu.  The target is to produce about 
200 kilograms of each variety in order to have seed for further experimentation and also further bulking 
with farmer groups and seed companies. Another support was given to the University of Nairobi to 
produce breeder and basic of the 15 new varieties at pre–release stage and also the elaboration of their 
descriptors.  Uganda was also supported to produce foundation of newly released varieties in Uganda 
(NABE12-C (MAC 31), RWR 2075 (NABE13) and RWR 1946 (NABE-14). NARO and its partners will 
target about 10 tones of foundation of NABE 12C and 2 tones of NABE 13 and 14. In Rwanda, the 
support geared to the production of basic seeds by ISAR and its partners for the newly pre& released 
varieties (Table 146). 
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Table 146.     Some characteristics of the newly pre- and released in Rwanda. 
 
Variety Type de plant Yield range in ISAR station (ton ha-1) 
1. RWR 2142 II (bush) 1.5- 1.7 
2. RWR 2154 II (bush) 1.5 –1.6 
3. R 617 – 17 A II (bush) 1.5 – 2.0 
4. RWR  2355 II (bush) 1.8 – 2.0 
5. RWR 2091 II (bush) 1.8 – 2.1 
6. BRC 4 IV (climber) 3.0 – 3.5 
7. RWV 1892 IV (climber) 3.5 – 3.8 
8. RWV 2070 IV (climber) 4.0 – 4.5 
9. Gasilida IV (climber) 4.0 – 4.5 
 
 
Decentralized systems in South Africa 
 
 
Building on focused PVS support in 2006, PVS linked to decentralized seed systems was initiated for the 
first time in South Africa in Limpopo Province which is predominantly a small scale farming area. The 
approach is also extending to peanut in the same province. Twenty-two farmers were involved in PVS of 
eight bean varieties and followed decentralized seed production with support of extension services.  
 
 
4.4.2.6    Special projects with emphasis on wider impacts  
 
 
Getting back to basics: creating impact-oriented bean seed delivery systems for the poor (and 
others) in Malawi, Mozambique and Tanzania  
 
This four year project which is financially supported by the McKnight Foundation is implemented by a 
range of partners namely SABREN and bean research programmes of the NARS in Malawi (DARS), 
Mozambique (IIAM) and Tanzania (ARI-Uyole in southern Highlands. Each national programme 
implements with a range of partners including NGOs, state extension services, farmers’ organizations 
(Table 147). The year 2007 focused on the establishment the projects, partnership and conducting PVS 
with partners.  Table 148 shows the varieties selected and their characteristics.  A second PVS will be 
conducted in 2008 before to paving way to wider demand creation and seed production for the selected 
varieties in 2009-10.  
 
 
Table 147.   Number of partners, PVS sites, varieties tested/ selected in Malawi, Mozambique and 
 Tanzania in 2006/7. 
 
Country Number of partners No. of trial sites Varieties tested Varieties selected 
     
Malawi 8 18 20 5 
 
Mozambique 
 
14 
 
18 
 
20 
 
5 
 
Tanzania 
 
16 
 
57 
 
30 
 
10 
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Table 148.    Varieties selected in each country and some of their characteristics  
 
Country Variety  Grain type 
Malawi 1.BOA 
2.NUA 56 
3.MC1283 
4.PAN150 
5.NUA 45 
Miss Kelly, large 
Calima ,large grain 
Carioca ,small grain 
Carioca, small grain 
Calima ,large grain 
Mozambique 
 
1. SUG 131 
2. CAL 143 
3. VTTT 925/9-1-2 
4. VTTT 923/10-3 
5. PC1459-BC2-RR9 
Cream mottled, good for markets 
Calima, good for markets 
Cream mottled, good for markets 
Cream mottled, good for markets 
Cream mottled, good for markets 
Tanzania  1. Njano 
2. BILFA4 
3. CAL05P213 
4. CAL05E3 
5. Roba-1 
6. NRI-SEL-06-E9 
7. NRI-Red-E8 
8. NRI-05-E27 
9. Uyole04 
10. Urafiki 
Tolerance to low soil fertility 
Tolerance to low soil fertility 
Resistance to drought, marketable 
Good leaves, many pods 
Good germination, diseases resistance  
Drought resistance, good leaves 
Good taste, marketable 
Many pods, good leaves 
Good taste, marketable 
Marketable, resistance to diseases 
 
The seed systems component of the project “Enhancing bean productivity and production in drought-
prone areas of sub-Saharan Africa project” (TLII) which is modeled on PABRA wider impact is 
implemented in Kenya and Ethiopia.  
 
The wider impact approach is also being applied expanded to other Project and Programme outside 
PABRA e.g. Improving Productivity Market Success of ILRI and Consortium for Improving Agricultural 
Livelihoods in Central Africa (CIALCA) of TSBF-CIAT.  
 
 
Enhancing grain legumes’ productivity and production and the incomes of poor farmers in 
drought-prone areas of sub-Saharan Africa and South Asia  
 
This three-year project  is aimed particularly at increasing impacts among poor farmers in drought-prone 
regions and has strong thrusts in targeting, plant breeding and seed systems outreach.  CIAT (IP-1) 
facilitates the seed systems component, which hosts programs in nine countries (Ethiopia, Kenya, 
Tanzania, Malawi, Nigeria, Niger, Mali, Mozambique and India) with CIAT practical work on the ground 
concentrating on Kenya and Ethiopia, during the first three year period. (Table 149). 
 
The seed delivery strategy within this project aims to actively promote small-scale farmers’ access to new 
drought-tolerant varieties. We plan to address the key bottlenecks in production and delivery, while at the 
same time exploiting existing market opportunities, as well as identifying novel market niches. Due to 
market failure problems associated with conventional private-sector seed systems, the  project is 
investigating and designing seed-delivery models to meet the needs of different clients within drought-
prone zones, such as (i) the very poor, who consume most of their harvest; (ii) the entrepreneurial 
exporters who view arid zones as disease-free sites for seed multiplication; (iii) women’s groups; and (iv) 
farmers’ cooperatives who can use seed businesses and related agro-enterprises to achieve quite 
significant livelihood gains. Those farmers who save their own seeds particularly in South Asia will be 
knowledge empowered to select, process and store their seed for the next crop in the scientific manner.  
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Table 149.    Project:  Seed  production + Delivery Systems:  Target Countries Phase I. 
 
Crop Eth. Kenya Tanz. Malw Nigeria Niger Mali Mozam India 
Beans X X        
Cowpea   X  X X X X  
G-nuts   X X X X X  X 
P-pea   X X     X 
Ch-pea X  X X X    X 
Soybean  X X X X   X  
 
 
Activities across project sites are aimed at the following  (i) Improving the availability of Foundation seed 
to NARS and other public-sector and private-sector programs, with a focus on meeting the needs in 
drought-prone areas; (ii) Designing, testing and implementing alternative seed-production arrangements 
which explicitly factor in cost and seed quality in relation to different clients’ needs; (iii) Designing, 
testing and implementing alternative marketing and agro-enterprise arrangements to enhance seed 
businesses and seed delivery; (iv) Enhancing local capacity to produce, deliver and market seed; and (v) 
Enhancing local-level awareness of released varieties (so as to stimulate demand). 
 
The project was initiated in September 2007. To- date much of the work has focused on scaling up the 
initial stocks of foundation and certified seed, and in building the myriad (literally scores) of 
decentralized partnerships needed to deliver production and diffusion impacts in geographically dispersed 
and marginal regions. 
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Activity 4.5     Socio –Economic activities 
 
Highlights:  
 
• In Zambia, out of a total of 9 varieties that were commonly disseminated by 18 partner 
institutions 5 were CIAT lines, 2 were Local crosses, and 2 were local land races.  
• Three varieties popularly disseminated in Zambia in 2005 and 2006 were released in 2007, these 
are C20P30 (Local Cross), KID 31 ( CIAT Line) , Kabulangeti (Local landrace). 
• Sustainable farmers’ access to seed in Zambia is dependent on active collaborations with seed 
companies, NGOs and Farmers’ associations. 
• The methods of seed dissemination largely in use in Zambia, ranked in order of importance are 
free seed to farmers, seed sold to farmers and seed loans. 
• In Zambia, out of 10,759 farmers that received seed, 44.6% (4800) were women and 55.4% 
(5959) were men. 
 
4.5.1      Participatory monitoring and evaluation in the regional bean program –PABRA 
 
Rationale: In this period an end of phase evaluation of six national bean programs in six countries 
namely Zambia, Southern Tanzania, Zimbabwe, Malawi, Uganda and Ethiopia was carried out. Its 
objectives were to establish achievement on the Africa bean program (PABRA) in the outputs for 
technology development, partnerships for reaching end users, the level of technology access, methods of 
technology promotion and bean market trends. Whereas the actual field work was carried out in 2007 the 
analysis of findings began in 2008. In this report preliminary findings from Zambia are discussed.  
 
Materials and  Methods:  The assessment selectively targeted those countries where past dissemination 
reports indicated increased seed dissemination by partners in the period between 2003 and 2007. Three 
approaches were used for data collection: field based studies; desk based studies; and focus group 
discussions.  Two sets of questionnaires were used to interview 30 partners from Zambia. A 
representative sample of partners was drawn from the non-governmental organizations, seed companies, 
bean traders, farmer organizations and commercial farmers that were actively engaged in seed 
dissemination under the PABRA program for wider impact. They represented the major bean growing 
areas in the northern, central, eastern and southern provinces of Zambia. There were no respondents 
drawn from the west, because the national program had not established partners in this area. Structured 
questionnaires were pre-tested with 5 partners in central province and thereafter administered to 
respondents.  Data was entered in the social science software SPSS, and in Excel.   
 
Results and Discussions: 
 
Development of improved bean varieties in Zambia  
 
In 2007, Zambia released three varieties bringing the total of varieties released in a five year period to 
four. Of the four varieties, 2 were local crosses, one was a local landrace and one was a CIAT line. (Table 
150). This indicates the great effort that the national bean program has put into variety development using 
locally available germplasm. 
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Table 150.    Variety release in Zambia. 
 
Name of variety Code of variety 
 
 
 
Source 
Year when 
the variety 
was released Reasons for which the variety was developed 
Kapisha C20P30 
 
Local cross 2007 Tolerant to ALS, CBB, BCMV and ANT 
Kabale Kid 31 CIAT Line 2007 Tolerant/resistant to ANT 
Kabulangeti Kabulangeti Local land race 2007 Tolerant to low soil fertility 
Kalunga SPS2-4P24 Local Cross 2004 High yielding, Tolerant to ALS, BCMV and CBB 
 
The varieties commonly disseminated  
 
The evaluation determined the extent to which varieties released by the national program in Zambia were 
being disseminated by eighteen institutions from the non-governmental organizations, seed companies, 
bean traders, farmer organizations and commercial farmers. The average number of varieties disseminated 
by partners ranged from two to seven with most partners disseminating on average 4 varieties during a six 
year period.  The most commonly disseminated varieties were Lyambai (CAL 143 released in 2001), 
Chambeshi (A 197 released in 1998 ) and Lukupa (PEF 14 released in 1999 ), these are all CIAT lines. 
Another widely disseminated variety is Kabulangeti a local landrace widely in use in Zambia but only 
officially released in 2007. Varieties released in 2007 (Kapisha C20P30 and  Kabale (KID 31)) were 
observed to be popular amongst partners having been disseminated two years before their release. 
Another local variety Kalunga (SPS2-4P24) released in 2007 was popular amongst partners and begun to 
be disseminated in 2006, a year before its release. In total 9 varieties were being disseminated, three of 
these were 2007 releases (Table 151). 
 
Table 151.    Varieties disseminated by 15 partners in Zambia 
 
Year of 
assessment 
2002 2003 2004 2005 2006 2007 
 
CIAT Lines  
 
Chambeshi 
(A197)  
Lukupa 
(PEF14)  
Lyambai 
(CAL143) 
 
 
Chambeshi 
(A197)  
Lukupa 
(PEF14)  
  Lyambai 
(CAL143) 
 
 
Chambeshi  
(A197)  
Lukupa 
(PEF14)  
Lyambai 
(CAL143)  
 
 
Chambeshi  
(A197)  
Lukupa 
(PEF14) 
Lyambai 
(CAL143) 
Kabale  
(KID 31)  
 
 
Chambeshi  
(A197)  
Lukupa 
(PEF14) 
Lyambai 
(CAL143) 
Kabale  
(KID 31)  
 
 
Chambeshi  
(A197)  
Lukupa 
(PEF14) 
Lyambai 
(CAL143)  
Carioca 
(A 286)  
 
 
Local 
crosses  
 
 
 
 
 
 
 
Kalungu  
(SPS2-4P24 
 
 
 
 
 
Kalungu  
(SPS2-4P24 
Kapisha 
(C20P30  
 
 
Kapisha  
(C20P30  
 
 
Kalungu 
(SPS2-4P24 
 
 
Local land 
race 
Kabulangeti 
(Kabulangeti) 
Solwezi Rose 
Solwezi Rose 
 
Kabulangeti 
(Kabulangeti)  
 
Solwezi Rose 
 
Kabulangeti 
(Kabulangeti) 
Solwezi Rose 
 
Solwezi Rose Kabulangeti 
(Kabulangeti) 
 
Solwezi Rose 
 
Total lines 3 CIAT lines 
1 Local cross 
 
3 CIAT Lines 
 
 
4 CIAT lines 
1 Local cross 
1 Local landrace 
 
4 Ciat lines 
1 Local cross 
1 Local landrace 
4 CIAT lines 
3 Local lines 
3 CIAT lines 
1 Local lines 
1 local landrace 
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Quantities of seed of improved varieties provided to farmers 
 
The volume of seed disseminated by partners ranged from as low as 0.03 tons to as high as 618.13 tons 
across 2002 to 2007 period. Seed Companies took the lead in disseminating large volumes of seed 
followed by international and local NGOs (Harvest Help UK, World Vision Zambia, Plan International 
and Golden Valley Agricultural Research Trust). Farmer associations were third in rank of categories of 
institutions disseminating large volumes of seed to farmers.  (Table 152). The data indicates that for 
sustainable increase on farmers’ access to seed, the Zambia national bean programs will need to continue 
collaborating with seed companies, NGOs and Farmers’ associations. 
 
Table 152.    Quantities of seed provided to farmers by some National partners. 
 
Name of partner Type of partner Amount of seed distributed 
(Kg per person) 
Seed Control and Certification Institute 
(SCCI) 
Government Agency 15.0 
Zambia Agricultural Research Institute 
(ZARI) 
Government Organization 6.0 
Farming Systems and Social Services (FSSS) Government Agency 0.2 
Golden Valley Agricultural Research Trust 
(GART) 
NGO 5.0 
World Vision NGO 12.5 
Kaluli Development Foundation CBO 1.0 
Harvest Help (UK) NGO 10.0 
Average (Kg per person)  7.1 
 
Methods of seed dissemination 
 
The assessment of methods of seed dissemination commonly used by 18 partner institutions involved in 
seed dissemination in Zambia indicates most partners were providing free seed to farmers. Next in rank of 
importance was seed sold to farmers while the least common method was seed loans (Table  153). 
 
Table 153.     Ranking of methods of seed dissemination. 
 
Method Frequency 
Free seed 9 
Seed Sales 6 
Seed Loan 3 
 
 
Level of access based on gender 
 
An assessment was made to determine the level of access of seed on the basis of gender. It was not a 
common practice for partner institutions to record recipients of seed on gender basis consistently across 
the 6 years, only 6 partners institutions out of 18 had records disaggregated by gender, and even then not 
for every year. The data shows that out of 10,759 farmers that received seed, 44.6% (4800) were women 
and 55.4% (5959) were men (Table 154).  The seed company (Kamano Seed) was accessing seed to most 
female farmers compared to the other 5 partner institutions. Additional information indicates that the seed 
company was contracting association of farmers to grow its seed and sell to the company. The association 
members were largely women farmers.  
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Table 154.     Extent of men and women farmers accessing seed. 
 
Name of partner Category of partner Number of females who 
received seed of 
improved varieties 
Number of males who 
received seed of 
improved varieties 
Kamano Seed Company Limited Seed Company ( n=621) 61.4% 38.6% 
PLAN Zambia eastern International NGO(n=91) 33% 67% 
World Vision Zambia, Mbala ADP International NGO(n=499) 43.9% 56.1% 
Farming Systems and Social Services Government Organization(n=10) 80% 20% 
Harvest Help (UK) International NGO (n=9440) 43.6% 56.4% 
Food Crop Diversification Support Project  Government Organization (n=98) 46.9% 53.1% 
Total       (n=10,759) 44.6% 55.4% 
 
 
Future Work: Similar evaluations have been carried out in Southern Tanzania, Zimbabwe, Malawi, 
Uganda and Ethiopia. Whereas the actual field work was carried out in 2007, analysis of findings will 
continue in 2008 with aim to finish the analysis. The evaluations are a source of benchmark data for 
future assessments of the work of national programs, bean networks and the African bean program as a 
whole in technology development, partnerships for reaching end users, levels of technology access and 
methods of technology promotion. Future work needs to focus on evaluating impact of the African bean 
program interventions at farm level on the basis of capacity, poverty, income and nutrition.     
 
Contributors:   R. Muthoni, M. Barungi  
 
Collaborators:  K.Muimui (Zambia National Bean Program), R.Chirwa. 
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Checa, O.E., Ceballos, H., Blair, M.W.  2007.  Inheritance of plant height, internode length and branch 
number in climbing common bean populations (Phaseolus vulgaris L.).  Bean Improvement 
Cooperative 50: 25-26. 
 
Díaz, L.M., Blair, M.W.   2007.  Microsatellite diversity of Mesoamerican common beans (Phaseolus 
vulgaris L.).  Bean Improvement Cooperative 50: 17-19. 
 
Kimani, P.M., G.K. Gicharu, N. Mburugu, H. Boga and R. Cheruiyot. 2007. Nodulation and yield of bush 
and climbing bean s inoculated with rhizobia strains.  Bean Improvement Cooperative  50: 195-196. 
 
Kimani, P.M., J.P. Lodi Lama, Matondo Nsebua and Lunze Lubanga. 2007. Bean varieties for humid 
tropical lowlands. Bean Improvement Cooperative  50: 181-182. 
 
Makunde, G.C., Beebe, S.E., Blair, M.W., Chirwa, R., Lungu, D.  2007.  Inheritance of drought tolerance 
traits in Andean x Andean and Andean x Mesoamerican F2 Populations.  Bean Improvement 
Cooperative 50:159-160. 
 
Rubyogo, J.C., Sperling, L., and Assefa, T.  2007.  A new approach for facilitating farmers’ access to 
bean seed., LEISA 23(2): 27-29.  
 
Tofiño, A.P., Calderón, J.F., Palacio, J.D., Blair, M.W.  2007.  Variability study of 89 snap bean 
genotypes using the AFLP molecular technique. Bean Improvement Cooperative 50: 67-68. 
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Tofiño, A.P., Ocampo, C., Blair, M.W.  2007.  Association between biochemical descriptors and the pod 
fibrousness in the characterization of snap bean germplasm for Latin American fresh consumption.  
Bean Improvement Cooperative 50: 63-64. 
 
Workshops and Conferences  
 
Avila, T., Astudillo, C., Davila, A., Reyes, X., Blair, M.W.  2007. Análisis del contenido de hierro y zinc 
en semilla de la colección boliviana de fríjol (Phaseolus spp.). Presentado en X Congreso Asociación 
Colombiana de Fitomejoramiento y Producción de Cultivos.  Pasto, Nariño, 5-7 June. 
 
Beebe, S., Rao, I., Polanía, J.A., Grajales, M., Cajiao, C. 2007. Improved harvest index in drought 
resistant common beans and possible effects on combining ability. Paper presented at the Semi-
annual Meeting of the Bean Improvement Cooperative. Madison, WI. 28 Oct.- 1st Nov. 
  
Beebe, S.,  I.M. Rao, M.Á. Grajales, y C. Cajiao. 2007. Evaluación de líneas de frijol desarrolladas para 
resistencia a sequía en combinación con el gen bc-3 para resistencia a BCMV.  Paper presented at 
the LIII Reunión del PCCMCA (Programa Cooperativo Centroamericano para el Mejoramiento de 
Cultivos y Animales), Antigua Guatemala, Guatemala, 23-27 April. 
  
Beebe, S.,  I.M. Rao, M.Á. Grajales, y C. Cajiao. 2007. Preparando para el cambio de clima y la  escasez 
de lluvia: mejoramiento del frijol para resistencia a la sequía.  Paper presented at the LIII Reunión 
del PCCMCA (Programa Cooperativo Centroamericano para el Mejoramiento de Cultivos y 
Animales), Antigua Guatemala, Guatemala, 23-27 April. 
 
Blair, M.W.  2007. Bean Genomics at CIAT.  Sequencing project planning meeting.  Cuernavaca, 
Mexico, 29 Jan. 
 
Blair, M. W.  2007.  Common Bean Ferritins. Harvest Plus Workshop on Plant Ferritin as a Bioavailable 
Source of Iron - Washington DC, 25-26 Jan. 
 
Blair, M. W.  2007.  From genes to beans:  platform for marker utilization in breeding.   Kirkhouse Trust 
Meeting,  Nairobi Kenya, 19 Feb.  
 
 Blair, M.W., P.M. Kimani, N.Moreno, H. F. Buendia and R.Chirwa. 2007. Genetic diversity in common 
bean (Phaseolus vulgaris L.) from eastern and southern Africa and its relationship with nutritional 
quality. Rockeller Foundation Meeting on Biotechnology, Breeding and Seed Systems for African 
crops.  Maputo, Mozambique,  26-29 March. 
 
Blair, M. W.  2007.  Discovery and utilization of common bean genetic diversity. Phaseomics V meeting,   
Varenna, Italy, 24-26 May. 
 
Blair, M.W. 2007.  Contribución del fríjol silvestre en el mejoramiento de características agronómicas en 
el cultivo de fríjol común. In X Congreso Asociación Colombiana de Fitomejoramiento y 
Producción de Cultivos.  Pasto, Nariño, 5-7 June. 
 
Blair, M.W., Restrepo, J., Pradilla, A.,Gracia, B., Araujo, C., de Plata, C., Mosquera, M., Ariza-Nieto, 
M., Glahn, R.P., Pachón, H., Astudillo, C., Caldas, G.V.  2007.  Desarrollo y utilización de frijoles 
con alto contenido de minerales y maíz de alta calidad proteica en un programa de intervención 
nutricional en el sur-occidente de Colombia. Presentado en X Congreso Asociación Colombiana de 
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Fitomejoramiento y Producción de Cultivos. Pasto, Nariño, 5-7 June.  Awarded 2nd prize for 
presentations. 
 
Blair, M.W.  2007.  Race structure and relationships among ecotypes in cultivated common bean 
(Phaseolus vulgaris L.).  Presented at the Annual General Meeting Generation Challenge Program, 
Benoni, South Africa, 12-16 Sept. 
 
Blair, M.W.  2007.  Fitomejoramiento nutricional y uso de caraota biofortificada y maíz QPM para la 
nutrición humana.  Caso:  Proyecto Fontagro.  Maracay, Venezuela, 3 Oct.. 
 
Blair, M.W.  2007.  Bean genetics and genomics at CIAT.  Chinese Academy of Agricultural Science,  
Beijing, China, 10 Oct. 
 
Blair, M.W.  2007.  Bean genetics and genomics at CIAT.  Kazusa Institute, Tokyo, Japan, 23 Oct.  
 
Blair, M.W.  2007.  Microsatellite marker diversity in common bean (Phaseolus vulgaris L.).  Paper 
presented at the Bean Improvement Cooperative Meeting.  Madison, USA, 28 Oct.-1st Nov.  
 
Blair, M.W., C. Astudillo, G.V. Caldas, J. Rengifo, S.E. Beebe, P. Kimani, R. Graham, M. Grusak, M. 
Ariza-Nieto, R. Glahn, R. Welch.  2007.  Progress and potential for improving micronutrient content 
in common beans: Bean Biofortification. Harvest Plus Challenge Program.  Purdue University.  West 
Lafayette, USA, 2 Nov.  
 
Bueno, J.M. 2007. Manejo de la mosca blanca en habichuela. In Taller de  capacitación Prácticas de 
Manejo en tomate y habichuela, Bañado de la Cruz, Comarapa, Bolivia, 2 Dic.  
 
Bueno, J.M. 2007. Manejo de plagas del fríjol.  Presentado en Taller de capacitación para técnicos 
agrícolas. San Isidro, Comarapa, Bolivia, 4 Dic. 
 
Chemining’wa, G.N., J.H. Nderitu, P. M. Kimani, O.L.E Mbatia and A. Ndegwa. 2007. Progress in snap 
bean research at the University of Nairobi. Eastern and Central Africa Bean Research Network 
review and planning workshop, Arusha, Tanzania,12-16 March. 
 
Chirwa, R.M., J.C. Rubyogo, E. Mazuma, M. Amane and C. Madata.  2007.  Creating Impact Oriented 
Bean Seed Delivery Systems for the Poor  in Malawi, Mozambique and Tanzania. Presentation 
during the McKnight Foundation – Collaborative Crop Research Programme-Grantees Conference. 
From Community to Community, Chantilly France, 1-6 Dec.  
 
Kandie, P.K,  J.H. Nderitu,  G.H.N Nyamasyo and P.M. Kimani. 2007. Bean bruchid (Acanthoscelides 
obtectus say) management technologies on stored beans in eastern Kenya. Eastern and Central Africa 
Bean Research Network review and planning workshop, Arusha, Tanzania, 12-16 March. 
 
Kimani, P.M. 2007. Bean breeding  in Kenya: An Overview. Kirkhouse Trust East African Bean 
Workshop, Nairobi, Kenya 18-20 March. 
 
Kimani, P.M. 2007. Collection and characterization of bean germplasm. Training in Research Methods 
Workshop for WECABREN. Bafassoum, Cameroon, 19-24 Nov.    
 
Kimani, P.M. 2007. Participatory plant breeding: Theory and Practice. Training in Research Methods 
Workshop for WECABREN. Bafassoum, Cameroon, 19-24 Nov.   
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Kimani, P.M. 2007. Participatory plant breeding: Some practical issues. Training in Research Methods 
Workshop for WECABREN. Bafassoum, Cameroon, 19-24 Nov. 
 
Kimani, P.M. 2007. Germplasm sources for bean breeding programs. Training in Research Methods 
Workshop for WECABREN. Bafassoum, Cameroon, 19-24 Nov. 
 
Kimani, P.M. 2007. Standard evaluation system for bean germplasm: Implications for West African Bean 
Research Network. Training in Research Methods Workshop for WECABREN. Bafassoum, 
Cameroon, 19-24 Nov.  
 
Kimani, P.M., S. Beebe and M. Blair. 2007. Breeding micronutrient dense bean varieties in East and 
Central Africa. Presented at BIC/NAPIA 50th Anniversary Conference, Madison, Wisconsin, USA, 
29 Oct-2 Nov.  
 
Kimani, P.M. and A.W. Mwang’ombe. 2007. Yield stability in bean lines with multiple disease 
resistance. The Rockefeller Foundation. Third Biotechnology, Breeding and Seed Systems 
conference, Maputo, Mozambique, 26-29 March.  
 
Kimani, P.M. 2007. Overview of  micronutrient rich (Biofortified) beans project. Eastern and Central 
Africa Bean Research Network review and planning workshop, Arusha, Tanzania.12-16 March.  
 
Kimani, P.M. 2007. Breeding Micronutrient Dense Bean Varieties in East and Central  Africa.  Eastern 
and Central Africa Bean Research Network review and planning workshop, Arusha, Tanzania, 12-16 
March.   
  
Musoni, A., P.M. Kimani, R.D. Narla and R. Buruchara. 2007. Inheritance of resistance against Fusarium 
wilt disease in climbing beans. The Rockefeller Foundation, Third Biotechnology, Breeding and 
Seed Systems conference, Maputo, Mozambique, 26-29 March.  
 
Muthoni, R., and Rubyogo, J.C.,  2007.  Progress towards PABRA Framework: 2003-2006. Proceedings 
of the 2007 PABRA Steering Committee Meeting. Nazareth, Ethiopia. 
 
Muthoni, R. 2007. Assessing Reaching End User Programs; CIAT EPMR presentation. Cali, Colombia, 
21 May. 
 
Muthoni, R. 2007. Experiences from the Bean Program. CIAT Africa Strategy Meeting. Nairobi, Kenya.  
 14 Sept.   
 
Muthoni, R. 2007. Methodologies for Monitoring & Evaluation Surveys in PABRA Selected member 
countries; PABRA steering Committee meeting. Mbeya, Tanzania, 3 Nov.    
 
Namayanja, A., F. Opio, R. Buruchara, R. Otsyula, M. Ugen, P.M. Kimani, R. Takusenya and F. 
Bagazonzya.  2007. Participatory selection, identification and release of common bean (Phaseolus 
vulgaris L.) genotypes tolerant to low soil fertility and bean root rot disease in Uganda. The 
Rockefeller Foundation. Third Biotechnology, Breeding and Seed Systems conference, Maputo, 
Mozambique, 26-29 March. 
 
Navia, M., Mahuku, G., and Henriquez, M.A. 2007. Perfiles de expresión de la respuesta incompatible 
entre el frijol común y Phaeoisariopsis griseola.  XXVIII  Congreso de Ascolfi, Asociación 
Colombiana de Fitopatología y Ciencias Afines.  CIAT, Palmira. Colombia, 1-6 Oct.  
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Okonda, B., P.M. Kimani and J. K. Keter. 2007. Effect of liming on seed iron and zinc concentration and 
grain yield of common bean grown in some Kenyan soils.  Presented at the International Symposium 
on Innovations for the Green revolution in Africa. Arusha, Tanzania, 17-23 Sept.  
 
Polania, J., I.M. Rao, S. Beebe and R. García. 2007. Evaluación del desarrollo y distribución de raíces 
bajo estrés por sequía en 16 genotipos de frijol común (Phaseolus vulgaris L.) usando cilindros 
plásticos en condiciones de invernadero. Paper presented at the XXXVII Congreso Anual de 
COMALFI, Sociedad Colombiana de Control de Malezas y Fisiología Vegetal, Santa Marta, 
Colombia. 2-4 May.    
 
Pyndji, M. 2007. Brief Overview of PABRA Networks and Achievement Highlights. Presented at 
PABRA. Proposal Writing Workshop. CMRT, Egerton University, Njoro, Kenya, 26-30 Nov. 
 
Pyndji, M. and R. Buruchara. 2007. Evaluation du germplasme résistant aux contraintes de production de 
haricot. WECABREN Training Workshop on Bean Research Methodologies. Bafoussam, Cameroon, 
19-24 Nov. 
 
Pyndji, M. and R. Buruchara. 2007. La Lutte Intégrée Contre les Maladies du Haricot Commun. 
WECABREN Training Workshop on Bean Research Methodologies. Bafoussam, Cameroon, 19-24 
Nov. 
 
Pyndji, M. 2007. ECABREN Achievement Highlights and Impact. Presentation at the ASARECA 
Network Review.  Arusha, Tanzania, 6 Aug.  
 
Pyndji, M. 2007. ECABREN Research Highlights 2006. Presented to the PABRA Steering Committee 
Meeting. Nazareth, Ethiopia, 25-28 March. 
 
Pyndji, M. 2007. ECABREN Overview and Objectives of the 2nd Projects’ Review and Planning Meeting. 
Presentation at the Second Biofortification and Snap Bean Projects’ Review & Planning Meeting. 
Arusha, Tanzania, 12-15 March. 
 
Pyndji, M. 2007. Introduction to the Eastern and Central Africa Bean Research Network (ECABREN). 
Presentation at the Joint ECABREN-SABRN Review and Planning Meeting. Outspan Hotel, Nyeri, 
Kenya, 21-27 Jan.  
 
Rangel, A.F., I.M. Rao and W. J. Horst. 2007. Spatial aluminum sensitivity of root apices of two common 
bean (Phaseolus vulgaris L.) genotypes with contrasting aluminum resistance. In: Jahrestagung der 
Deutschen Gesellschaft für Pflanzenernährung, Berlin, Humbolt-Universität zu Berlin. 
 
Rao, I.M., S. Beebe, J. Ricaurte, C. Cajiao, J. Polania and R. Garcia. 2007. Phenotypic evaluation of 
drought resistance in advanced lines of common bean (Phaseolus vulgaris L.). Paper presented at 
ASA-CSSA-SSSA International Annual Meeting, New Orleans, LA, USA. 4-8 Nov.  
 
Rao, I.M., J. Polania, R. García and S. Beebe. 2007. Desarrollo de un método en invernadero usando 
tubos con suelo para cuantificar diferencias fenotípicas en desarrollo y distribución de raíces en 
líneas avanzadas de fríjol común bajo condiciones de estrés por sequía. Paper presented at the LIII 
Reunión Anual de PCCMCA (Program Cooperativo Centroamericano para el Mejoramiento de 
Cultivos y Animales), Antigua Guatemala, Guatemala. 23-27 April.   
 
Rubyogo, J.C, L.Sperling, L.Nasirumbi and Cindi Kasambara.  2007. Developing seed systems with and 
for the poor and marginalized: Case of beans (Phaseolus vulgaris L.) in eastern, central and southern 
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Africa. Paper presented in Workshop on Farmer First Revisited: Farmer Participatory Research for 
Development. Institute of Development Studies (IDS). University of Sussex –UK, 12-14 Dec.  
 
Rubyogo, J.C.  2007.  Farmers’ Bean Seed Quality Concerns: Myth or Reality? Case Studies from the 
East and Central Africa Regions. CIAT internal Seminar, Cali, CO, 15 May.  
 
Rubyogo, J.C.  2007.  Seed systems Development: Reliable avenue to assess improved bean varieties with 
farmers and accelerating seed access. Training module for WECABREN scientists at Golden Center- 
Baffoussam, Cameroon 19-24 Nov.  
 
Rubyogo, J.C.  2007.  Wider Impact Approach to Supply Bean Seed Quickly and Efficiently. Training 
module for WECABREN scientists at Golden Center- Baffoussam, Cameroon 19-24 Nov.  
 
Wagara, I.N.  and P.M. Kimani.  2007.  Field evaluation of micronutrient rich beans for resistance to 
biotic stresses. Eastern and Central Africa Bean Research Network review and planning workshop, 
Arusha, Tanzania, 12-16 March. 
 
Proceedings, Posters, Abstracts and Others 
 
Proceedings 
 
Habtu Assefa, D. Dauro, M. Tariku, S. Gebeyehu, A. Asfaw, B. Tesso and P.M. Kimani. 2007. 
Participatory plant breeding with women and small-scale farmers: A case study in Haricot bean in 
Ethiopia, pages 30-94. In: Food and Forage Legume of Ethiopia: Progress and Prospects. ICARDA, 
Allepo, Syria.  
 
Kimani, P.M., L. Lubanga, G. Rachier and V. Ruganzu. 2007. Breeding common bean for tolerance to 
low fertility acid soils in East and Central Africa. In:  Bationo, A. et al (eds).  Innovations for the 
Green Revolution in Africa.  Proceedings of an International Symposium, Arusha, Tanzania, 17-23 
Sept.    
 
Proceedings:/ REPORT 
 
Sperling, L., Aberra Deressa, Solomon Assefa, Teshale Assefa, S.J. McGuire, Berhanu Amsalu, 
Gebremichael Negusse, Asrat Asfaw, Wendafrash Mulugeta, Belete Dagne, Gebrehiwot 
Hailemariam, Anbes Tenaye, Beneberu Teferra, Chimdo Anchala, Habtamu Admassu, Hadush 
Tsehaye, Endrias Geta, Daniel Dauro and Yealembirhan Molla. 2007. Long-Term Seed Aid in 
Ethiopia: Past, present and future perspectives. Addis Ababa and Rome: Ethiopian Institute of 
Agricultural Research, International Center for Tropical Agriculture, and Overseas Development 
Group. Project and report funded by the International Development Research Centre and the US 
Agency for International Development - Office of Foreign Disaster Assistance. 141 pp. 
 
Websites where report is posted 
Posted on IDRC - 
 http://www.idrc.ca/uploads/user-S/11954879961Long_Term_Seed_Aid_in_Ethiopia-
 _full_report.pdf   
 And: http://shorterlink.co.uk/13257  
CIAT - http://www.ciat.cgiar.org/africa/pdf/long_term_seed_aid_Eth07  
University of East Anglia (new, as of last Friday) - DEV/ODG Report and Policy Papers No. 1 
 http://www1.uea.ac.uk/cm/home/schools/ssf/dev/research/publications/rpp  
Databases where report can also be found: 
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ALNAP - Active Learning Network for Accountability and Performance in Humanitarian Action, on 
 their Evaluative Reports Database 
  http://apps.odi.org.uk/erd/ReportDetail.aspx?reportID=3557  
ELDIS - Resource guide database, for 'Aid'.  Link at 
  http://www.eldis.org/go/topics/resource-guides/aid&id=34306&type=Document   
 ELDIS also put it under 'Agriculture + Aid', which is great. 
  http://www.eldis.org/go/topics/resource-guides/agriculture&id=34306&type=Document  
A posting to NATURAL-HAZARDS-DISASTERS list-serv (mainly UK, includes activists, scholars, and 
practitioners, announcing the report) 
 
Posters 
 
Astudillo, C., A., Hoyos, M. W. Blair.  2007.  Evaluación del contenido de hierro y zinc y su respuesta al 
nivel de fertilización con fósforo en 40 variedades de fríjol colombiano.  X Congreso Asociacion 
Colombiana de Fitomejoramiento y Producción de Cultivos.  Pasto, Nariño, CO. 
 
Blair, M. W., Hector, F. Buendía, Lucy, Díaz, Juan M. Díaz, Myriam C. Duque, Steve Kresovich, Sharon 
Mitchell, Maria J. Peloso, Rosana Brondani, Xiaoyan Zhang, Shumin Wang, Teresa Avila, Ximena 
Rojas, Andrea Davila, Sandra Lorigados.  2007.  Race structure and relationships among ecotypes in 
cultivated common bean (Phaseolus vulgaris L.).  Annual General Meeting Generation Challenge 
Program, Benoni, South Africa. 
 
Blair, M.W., Restrepo, J., Pradilla, A., Gracia, B., Araujo, C., de Plata C., Mosquera, M., Ariza-Nieto, 
M., Glahn, R.P., Pachón, H.  2007. Development and Utilization of High Mineral Beans in 
Combination with Quality Protein Maize as a Nutritional Intervention in Southwestern Colombia.  
Micronutrient Forum 2007, Ankara, Turkey. 
 
Caldas, G. V., Blair, M. W., Restrepo, J., Villada, D., Ojeda, P., Bravo, L. C. 2007. Análisis 
multilocacional del contenido de taninos condensados en variedades de frijol común.  X Congreso 
Asociacion Colombiana de Fitomejoramiento y Producción de Cultivos.  Pasto, Nariño. 
 
Del Peloso, Maria José, Priscila, Z. Bassinello, Leonardo, Cunha Melo, Luis Cláudio de Faria, Cléber 
Morais Guimarães, Steve Beebe, Rosana Brondani, Mathew Blair, José Luiz Viana de Carvalho, 
Marília R. Nutti.  2007. Germplasm identification and development of common bean cultivars with 
high Zinc contents.  Harvest Plus Meeting, Rio de Janeiro, Brazil. 
 
Eticha D., I. M. Rao and W. J. Horst. 2007. Interaction between aluminium toxicity and drought stress in 
common bean (Phaseolus vulgaris L.) genotypes. Poster presented on the Annual Meeting of the 
German Society of Plant Nutrition, DGP in Berlin, Germany. 
 
Kimani, P.M., B. Okonda and J.P. Keter. 2007. Influence of fertilization with inorganic macroelements on 
micronutrient density in common bean genotypes. Eastern and Central Africa Bean Research 
Network review and planning workshop, Arusha, Tanzania. 
 
Montoya, C.A., Leterme, P., Souffrant, W.B, Victoria, N.F., Beebe, S.   and Lalles, J.P. 2007.  The 
biochemical type of phaseolin affects its enzymatic hydrolysis in vitro. Poster presented in 6th 
European Conference on Grain Legumes, GLIP, Lisbon, 12-16 Nov. 
 
Pyndji, M.  2007.  Series of posters prepared for 3rd ASARECA Board of Directors held in Entebbe, 
Uganda, 21-25 July:  
1. Eastern and Central Africa Bean Research Network.  
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2. Navy Bean Production in Ethiopia: A success Story.  
3. ECABREN Research Priorities 
4. Enhanced Utilization of Micronutrient Rich Beans for Improved Nutrition and Income 
5. Enhancing Competitiveness of Snap Bean for Domestic and Export Markets 
6. ECABREN. 2007. Eastern and Central Africa Bean Research Network. www.ecabren.org 
  
Rubyogo, J.C., Tembo, F.,Chirwa, R., Mazuma, E., Amane, M. and C. Madata.  2007. Collaborative 
Research Programm for creating impact oriented bean seed delivery systems for the poor in Malawi, 
Mozambique and Tanzania. 
 
Abstracts 
 
Mahuku, G.S., Navia, M., Buruchara, R., Matta, A., and Otsyula, R. 2007. Development of PCR markers 
tightly linked to Pyult1, a gene that confers Pythium root rot resistance in the common bean genotype 
AND1062. Phytopathology 97: S69. 
 
Mahuku, G., Buruchara, R., Navia, M., and Otsyula, R. 2007. Genes that confer resistance to Pythium 
root rot in common bean: genetic characterization and development of molecular markers. 3rd general 
meeting of the Rockefeller Foundation-supported program on Biotechnology, Breeding and Seed 
systems for African crops.. Maputo, Mozambique, 26-29 March,  p 123. 
 
Others 
 
Chelangwa, F., E. Marenge,  S. Kasambala, F.S. Ngulu and S. Kweka. 2007. Mapishi ya Maharagwe 
Machanga, Extension Bulletin. ECABREN/SARI Bean Program. 
 
Jaimes, H. 2007. Evaluation of bean interspecific hybrids for resistance to Acanthoscelides obtectus. 
Tesis de Maestría en Fitomejoramiento Universidad Nacional de Colombia Sede Palmira. (in press).   
 
Sotelo, P. 2007. Herencia de la resistencia a un nuevo begomovirus en habichuela (Phaseolus vulgaris L.) 
en el Valle del Cauca. Tesis de Maestría en Fitomejoramiento Universidad Nacional de Colombia 
Sede Palmira. (in press). 
 
Editorial contributions 
 
Sperling, L. 2007.  Reviewed articles for: World Development, Human Ecology, Agricultural Systems, 
Euphytica  
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Donors 
 
 Belgium:   Belgian Administration for Development Cooperation (BADC) 
    European Commission (EC) 
    K.U. Leuven   
 Canada:   Canadian International Development Agency (CIDA) 
    International Development Research Center (IDRC) 
 Chile:   Universidad de Chile 
 Colombia:   CORPOICA/Ministerio de Agricultura (MAG) 
    CORPOICA/COLCIENCIAS 
    Universidad Nacional de Colombia 
    ECOFONDO 
 Denmark:   Danish International Development Agency (DANIDA) 
 Germany:   Bundes Ministerium Für Wirtschaftliche Zusammenarbeit und Entwicklung  
    German Federal Ministry for Economic Cooperation and Development (BMZ) 
    German Agency for Technical Cooperation (GTZ)  
 Israel:    The Volcani Center 
 
 Peru:   Government of Peru (Ministry of Agriculture) 
    Instituto Peruano de Leguminosas de Grano, IPL 
 
 Switzerland:   Eidgenössische Technische Hochschule-Zentrum – Zentrum für Internationale  
  Landwirtshaft (ETHZ-ZIL) 
    Swiss Development Cooperation (SDC) 
 
 United Kingdom: Department for International Development (DFID) 
 
 USA   Banco Interamericano de Desarrollo (BID) 
    Bill and Melinda Gates Foundation 
      Fondo Regional de Tecnología Agropecuaria (FONTAGRO) 
    Generation Challenge Program (GCP) 
    Instituto Interamericano de Cooperación para la Agricultura (IICA) 
    Rockefeller Foundation 
    The McKnight Foundation 
    United States Agency for International Development (USAID) 
    USAID/Office of Foreign Disaster Assistance 
    World Bank 
Contracts 
 BID/IICA Project approved by FONTAGRO 
 CORPOICA, C.I. La Selva, Rionegro, Antioquia, Colombia. 
 COSUDE-PROMPEX CIAT Bean Project, Peru. 
 COSUDE-PRONALAG Technical Assistance, Bolivia. 
 FIDAR  
 INIAP - CORPOINIAP, Ecuador. 
 Ministerio de Agricultura - Instituto Nacional de Investigación Agraria (INIA), Peru. 
 UDENAR - Universidad de Nariño, Facultad de Ciencias Agrícolas, Pasto, Colombia. 
 Universidad Nacional de Colombia 
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Partners Collaborating with Headquarters 
 
Ing. Oscar Vizgarra, EEA “Obispo Colombres”, Tucumán, Argentina. 
Dr. Teresa Fowles, University of Adelaide, Australia. 
Dr. Robin Graham, University of Adelaide, Australia. 
Dr. Alain Goossens, University of Gent, Belgium. 
Dr. Carla Snoeck, Catholic University of Leuven, Belgium. 
Dr. Ellen Luyten, Catholic University of Leuven, Belgium. 
Dr. Jean-Pierre Busogoro, Agricultural University of Gembloux, Belgium. 
Dr. Jozef Vanderleyden, Catholic University of Leuven, Belgium. 
Dr.  Roseline Remans, Centrum voor Microbiele, Belgium. 
Ing. Hernán Campos, CIF “La Violeta”, Cochabamba, Bolivia. 
Ing. Ruddy Meneses Arce, CIF “La Violeta”, Cochabamba, Bolivia 
Ing. Juan Ortubé, Instituto de Investigaciones Agrícolas “El Vallecito”, Santa Cruz, Bolivia. 
Ing. Carlos Rivadeneira, Universidad Autónoma Gabriel Rene Moreno, Santa Cruz, Bolivia. 
Ing. Tito Anzoátegui, Instituto de Investigaciones Agrícolas “El Vallecito”, Santa Cruz, Bolivia. 
Ing. Teresa Avila, Centro Fitoecogenético Pairumani, Bolivia. 
Dr. Gonzalo Avila, Centro Fitoecogenético Pairumani, Bolivia. 
Ing. Ximena Reyes, Centro Fitoecogenético Pairumani, Bolivia 
Dr. Maria Jose. Peloso, EMBRAPA-Centro Nacional de Pesquisa Arroz e Feijao, Brazil 
Dr. Rosana Brondani, EMBRAPA-Centro Nacional de Pequisa Arroz e Feijao, Brazil 
Dra. Priscila Zaczuk Bassinello, EMBRAPA-Centro Nacional de Pequisa Arroz e Feijao, Brazil 
Dr. Murillo Lobo Junior, EMBRAPA Arroz e Feijão, Brazil. 
Dr. Patrice Dion, Laval University, Quebec, Canada 
Dr. Andre Levesque, Agriculture and Agri-Food, Ottawa, Canada. 
Dr. Art Schaafsma, University of Guelph, Canada. 
Prof. Manuel Pinto, University of Chile, Santiago, Chile. 
Dr. Shumin Wang, Chinese Academy of Agricultural Sciences, China 
Dr. Zhide Geng, Yunnan Academy of Agricultural Sciences (YAAS), China 
Dr. Ana Julia Colmenares Dulcey, Universidad del Valle, Cali, Colombia 
Dr. Beatriz Gracia, Universidad del Valle, Cali, Colombia. 
Dr. Mildrey Mosquera, Universidad del Valle, Cali, Colombia. 
Dr. Cecilia de la Plata, Universidad del Valle, Cali, Colombia. 
Dr. Alberto Pradilla, Universidad del Valle, Cali, Colombia. 
Dr. Oscar Checa, University of Nariño, Pasto, Colombia. 
Universidad Nacional de Colombia, Palmira, Colombia. 
Dr. Gustavo Ligarreto, Universidad Nacional de Colombia, Bogotá, Colombia. 
Dr. O. Oliveros, Universidad Nacional de Colombia, Bogotá, Colombia. 
Dr. Aristóbulo López, CORPOICA, Tibaitatá, Colombia. 
Dr. Mario Lobo, CORPOICA, Rionegro, Antioquia, Colombia. 
Dr. Alejandro Navas, CORPOICA, Rionegro, Antioquia, Colombia. 
Blga. Gloria Esperanza Santana, CORPOICA, Rionegro, Antioquia, Colombia. 
Ing. José Restrepo, FIDAR - Cali, Colombia. 
Ing. Carlos Manuel Araya, National University, Heredia, Costa Rica. 
Dr. Helga Blanco Metzler, University of Costa Rica, San José, Costa Rica. 
Ing. Juan Carlos Hernández, MAG, Costa Rica 
Ing. Rodolfo Araya, University of Costa Rica, San Jose, Costa Rica. 
Ing. Benito Faure, EE “Liliana Dimitrova”, Ministry of Agriculture, La Habana, Cuba. 
Ing. Juan German Hernandez, EE “La Renee”, Instituto de Suelos, MINAG, Quivicán, Cuba. 
Ing. Orlando Chaveco, ETIAH, Holguín, Cuba 
Ing. Sandra Miranda, INCA, Cuba 
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Ing. Julio César Nin, IDIAF, San Juan de la Maguana, Dominican Republic. 
Ing. Graciela Godoy, IDIAF, San Juan de la Maguana, Dominican Republic. 
Ing. Eduardo Peralta, INIAP, Ecuador. 
Ing. Carlos Monar, INIAP, Ecuador. 
Ing. Carlos Atilio Perez, CENTA, El Salvador. 
Mr. Asrat Asfaw Amele, SARI, Ethiopia 
Mr. Teshale Assefa, EIAR, Ethiopia 
Dr. Jean Jacques Drevon, INRA, Montpellier, France. 
Prof. E. Wellmann, University of Freiburg, Germany. 
Prof. Walter Horst, University of Hannover, Hannover, Germany. 
Ing. Julio César Villatoro, ICTA, Guatemala, Guatemala. 
Ing. Mousson Finnegan, ORE, Camp Perrin, Haiti. 
Ing. Eliassaint Magloire, ORE, Camp Perrin, Haiti. 
Ing. Levael Eugene, USAID-PADF Project, Haiti. 
Ing. Emmanuel H. Prophète, CRDA, Ministry of Agriculture, Port-au-Prince, Haiti. 
Ing. Danilo Escoto, DICTA, Tegucigalpa, Honduras. 
Dr. Juan Carlos Rosas, EAP (Zamorano), Honduras. 
Dr. Moshe Lapidot, The Volcani Center, Bet Dagan, Israel. 
Dr. Jorge Acosta, INIFAP, Texcoco, Edo. Mexico, México. 
Ing. Javier Cumpian Gutierrez, Veracruz, México. 
Dr. Raul Diaz Plazas, INIFAP, Mérida, Yucatán, México. 
Dr. Ramón Garza, INIFAP, Texcoco, México. 
Ing. Ernesto Lopez, INIFAP, Veracruz, México. 
Dr. Gina Hernández, Universidad Autónoma de México, México. 
Dr. M. Lara, Universidad Autónoma de México, México 
Dr. F. Sanchez, Universidad Autónoma de México, México 
Dr. María Esperanza Martínez, UNAM, México. 
Mrs. Celestina Nhagupana Jochua, IIAM, Maputo, Mozambique. 
Mr. Magalhaes Amade Miguel, IIAM, Maputo, Mozambique. 
Ing. Aurelio Llano, INTA/CNIA, Managua, Nicaragua. 
Ing. Mauricio Guzmán, INTA, Nicaragua 
Dr. Octavio Menocal, INTA, Nicaragua  
Ing. MSc. Julio Molina, INTA, Estelí, Nicaragua. 
Ing. Rodolfo Valdivia, INTA, Nicaragua. 
Ing. Dionisio Saenz, INPRHU, Nicaragua. 
Ing. Norman Alfaro Castellón, CIPRES, Nicaragua. 
Dr. Oscar Gómez, UNA, Nicaragua. 
Prof. Bal Ram Singh, Agric. Univ. of Norway, Aas, Norway. 
Ing. Emigdio Rodríguez Quiel, IDIAP, David, Chiriquí, Panama. 
Dr. Gruneberg, Wolfgang, CIP, Peru. 
Dr. Thomas ZumFelde, CIP, Peru. 
Ing. Angel Valladolid, INIA, Lima, Peru. 
Ing. Miriham Gamarra, INIA, Lima, Peru. 
Dr. James Beaver, University of Puerto Rico, Mayaguez, Puerto Rico. 
Dr. Deidre Fourie, ARC-Grain Crops Research Institute, South Africa. 
Dr. Merion Liebenberg, ARC-Grain Crops Research Institute, South Africa. 
Dr. Bill Broughton, University of Geneva, Switzerland. 
Dr. P. Lariquet, University of Geneva, Switzerland.  
Prof. Silvia Dorn, ETH University Zurich, Switzerland. 
Dr. Emmanuel Frossard, ETH University Zurich, Switzerland. 
Dr. Astrid Oberson, ETH University Zurich, Switzerland. 
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Eng. Joseph Ndunguru, Plant Protection Division, Tanzania. 
Dr. Penelope Nestel, Harvestplus, Wageningen, The Netherlands 
Professor P. Horton, University of Sheffield, UK 
Dr Nicola Spence, Central Science Laboratory, Sand Hutton, York, UK 
Dr. Bonnie McClafferty, HarvestPlus, IFPRI, Washington D.C., USA 
Dr. Howarth Bouis, HarvestPlus, IFPRI, Washington D.C., USA 
Dr Ross Welch, USDA, Cornell University campus, USA 
Dr Ray Glahn, USDA, Cornell University campus, USA 
Dr. M. Grusak, USDA, USA 
Dr. T. Porch, USDA, USA 
Dr. Theresa Fulton, Cornell University, USA 
Dr. Steve Kresovich, Cornell University, USA  
Dr. Peter Graham, University of Minnesota, USA. 
Dr. James D. Kelly, Michigan State University, USA. 
Dr. Jonathan Lynch, Pennsylvania State University, USA. 
Dr. Scott Jackson,  Purdue University, USA  
Dr. Jeff Tomkins,  Clemson University Genomics Institute, USA. 
Ing. María Elena Morros, INIA, Estado de Lara, Venezuela. 
Ing. Miguel Pérez, INIA, Maracay, Venezuela 
Ing. Ramiro de la Cruz, INIA, Estado de Lara, Venezuela. 
Dr. Godwill Makunde, Crop Breeding Institute, Zimbabwe 
Mr. Walter Manyangarirwa, Africa University, Zimbabwe. 
 
Institutional Partners in Africa: 
 
National Research and Extension Programs
 
: Democratic Republic of Congo, Ethiopia, Burundi, Rwanda, 
Uganda, Kenya, Tanzania, Sudan, Madagascar, Malawi, Zimbabwe, Lesotho, Mozambique, Republic of 
South Africa, Swaziland, Angola, Zambia. 
Universities:        Country                   
D R Congo • University of Lubumbashi 
Kenya • University of Nairobi 
• Moi University 
Malawi • University of Malawi – Bunda College of Agriculture 
Mozambique • University of Mondrane 
Norway • Norway University of Life Sciences 
South Africa • University of Free State 
• University of Pretoria 
• University of KwaZulu Natal 
Swaziland • University of Swaziland 
Tanzania • Sokoine University of Agriculture 
The Netherlands • Wageningen University 
Uganda • University of Alemaya 
United Kingdom • Overseas Development Group/University of East Anglia 
Zambia • University of Zambia 
Zimbabwe • University of Zimbabwe 
• Africa University 
• Midland University 
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NGOs:    Country 
  
 Angola • World Vision International -WVI 
 D R Congo • World Vision International -WVI 
• National Seed Company  
• 13 Community Based Organizations 
• Association des Producteurs de Semences de Katanga (APSK) 
• PRODEL (local NGO) 
• Church based organizations 
    Ethiopia • Catholic Relief Services 
• Self Help Development International 
• CARE 
 Kenya • Rural Farm Alternative Organization 
• Catholic Relief Services 
• Nargina Social Work Group 
• Concern Universal 
 Lesotho • Participatory Ecological Land Use and Management (PELUM) 
• US Canada 
• Glo 
 Malawi • World Vision International-WVI 
• Concern Universal –CU 
• Plan International 
• Harvest Help and Find you Feet 
• CARE International 
• Concern World Wide 
• Canadian Physician for Relief and Development (CPAR) 
• Small Holding Coffee Trust Funds 
• Action Aid 
 Mozambique • World Vision International-WVI 
• CARE International 
• Concern Worldwide 
 Rwanda • CARE 
• World Vision International-WVI 
 Swaziland • World Vision International-WVI 
 Tanzania • Action Aid 
• Adventist Development and Relief Agency –ADRA 
• Agric. Development Trusts in Mbeya 
• Catholic Relief Services 
• Lay Volunteers International Agency and Christian Council 
• Mbozi, Ileje and Isangati Consortium/foundation (MIICO) 
• Save the Children 
• VECO 
 Uganda • AfriCare 
• CARE 
• World Vision International-WVI 
• CARE International 
 Zambia • Plan International-Zambia 
• Lutheran World Foundation 
• Harvest Help (UK) 
 Zimbabwe • Zimbabwe Farmers’ Union 
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CBOs: in more than 14 countries. 
 
Regional Institutions: ASARECA, Food, Agriculture and Natural Resources (FANR), CORAF. 
 
Private Sector:   
 
Country Company 
 Kenya • Lagrotech Seed Co 
 Lesotho • PANNAR 
 Madagascar • CTHA 
 Malawi • Demeter Farm 
• SeedCo-Malawi 
 South Africa • PANNAR 
 Swaziland • Umlimi Lokhomile Seed Co 
• PANNAR 
 Tanzania • Dodoma Transport Agency Ltd 
• Masware Farm Seed Co 
 Zambia • Kamano Seed Co 
• Sunnyside farm 
 Zimbabwe • Pristine Seeds 
• Progeny Seeds 
• PANNAR 
• Seed Co  
 
 
 
Europe Institutions: Horticultural Research International (HRI)(UK), NRI (UK), Central Science 
Laboratory (UK), Agri-Food and Food Canada (Canada). 
 
Other CGIAR centers and programs:  AHI (ICRAF), ICRISAT, IPGRI, WARDA, IRRI, CIMMYT. 
 
Others
 
:  
   Tanzania   The MEDIAE Company 
FAIDA-MALI 
Himo Environment Management Trust (HEM) 
    Italy and Ethiopia  Food and Agriculture Organizations (FAO), UN agency 
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List of NARS and Collaborating Partners in Africa 
 
    Country      Name NARs 
 Angola  Salvador Miguel Instituto de Investigacao Agronomica 
  Antonio Chicapa Dovala Agricultural Research Institute 
 Burundi  Dismas Nsengiyumva ISABU, Bujumbura, 
 D.R. Congo  Lubobo Kanyenga ,Agricultural Research Institute 
  Mbikayi, Nkoko INERA, PNL, Mulungu 
  Lunze Lubanga  INERA, PNL, Mulungu 
 Ethiopia  Teshale Assefa 
 Asrat Asfaw Amele 
EARO-NARC, Melkassa 
Ethiopia Institute of Agricultural Research (EIAR) 
Southern Agricultural Research Institute (SARI) 
Amhara Agricultural Research Institute (ARARI) 
Tigray Agricultural Research Insitute (TARI) 
 Kenya  David Karanja KARI, Machakos 
 Lesotho  Simon Bereng Agricultural Research Department 
 Madagascar  Herimihamina Andriamazaoro DRA, FOFIFA 
 Malawi  Charles Kapapa Chitedze Research Station 
  Elisa Mazuma Department of Agricultural Research Services 
  I. Fandika Kasinthula Research Station 
  A. Mwakikunga Chenachena Sub Research Station 
  Dr Sleshe ICRAF 
  Dr James M. Bokosi Bunda College of Agriculture 
  Edward R. Shela Northern Corridor 
  B.J.V. Msukwa Ministry of Agriculture 
  Lizzie Shumba Ekwendeni Hospital 
  Edson Musopole Action Aid 
  Alfred Kambwiri Care International 
 Mozambique  Manuel Amane Instituto de Investigacao Agraria, IIAM, Maputo 
  Maria Jonase Lutheran World Federation 
  Patricio F. Benito APLA 
  Nuria Chavez District Department of Agriculture 
  Francisco C. Edwardo DDA Tsangano 
 Rwanda  Augustin Musoni,  ISAR-Rubona, Butare 
 South Africa  Andries Liebenberg Agricultural Research Institute Council – Grain 
Crops Institute (ARC-GCI) 
 Sudan  Elsadig S. Mohamed Wad Medani 
 Swaziland  Zodwa Mamba Agricultural Research Division 
 Tanzania  Catherine Madata Agricultural Reserarch Institute 
   Festus Ngulu SARI, Arusha 
  Zainabu S. Majubwa ADP-Mbozi 
  Benson J. Minja LAELA Agriculture Centre 
  Shila Mwashala Caritas 
  Mollo Prison  Farm  
  Rhodes Family Farm  
  K.K.K.T. Church  
  Isangati Agriculture Development Organization 
 Uganda  Michael Ugen NAARI, NARO 
 Zambia  Kennedy Muimui Zambia Agricultural Research Institute 
 Zimbabwe  Godwill Makunde Crop Breeding Institute 
  Cain Manzira Crop Breeding Institute 
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Project Staff List  
 
Senior staff 
Beebe, Stephen, PhD, Breeder, Geneticist, Bean Project Manager 
Blair, Matthew, PhD, Germplasm Characterization Specialist/Bean Breeder 
Buruchara, Robin, PhD, Plant Pathologist, CIAT-Africa Coordinator (stationed in Kampala, Uganda) 
Chirwa, Rowland, PhD, Plant Breeder/SABRN Coordinator (stationed in Lilongwe, Malawi) 
Kimani, Paul, PhD, Plant Breeder for ECABREN (University of Nairobi/CIAT) (stationed in Nairobi, 
Kenya) 
   *Mahuku, George, PhD, Plant Pathologist 
Morales, Francisco, PhD, Virologist 
Muthoni, Rachel, BSc, MPA, Monitoring and Evaluation Specialist, (stationed in Kampala, 
 Uganda)    
Njuki, Jemimah, PhD, ERI Specialist, (stationed in Malawi) 
Nyang’aya, Martha, MSc, Nutrition (stationed in Kampala, Uganda)  
Pyndji, Mukishi, PhD, Plant Pathologist, ECABREN Coordinator (stationed in Arusha, Tanzania) 
Rao, Idupulapati, PhD, Plant Nutritionist/Physiologist 
Rubyogo, Jean Claude, BSc., Seed System Specialist (stationed in Malawi) 
Sperling, Louise, PhD, Social Scientist, (stationed in Rome, Italy) 
 
Administrative staff 
Administrative staff gives support to all CIAT Africa staff at each location regardless of the project they belong to 
Basemera, Jolly, Administrative Assistant, B.A.M.A.  (stationed in Kampala, Uganda) 
Gondwe, Zifa, Driver (stationed in Lilongwe, Malawi) 
Gambo, Abdalla, Security Guard (stationed in Arusha, Tanzania) 
Giraldo, Isabel Cristina, Economist, Administrative Assistant, CIAT-Bean Project Manager 
Kauwa, Anthony, Driver/Mechanic (stationed in Lilongwe, Malawi) 
Laizer, Emeseiki Security Guard (stationed in Arusha, Tanzania) 
Mawanda, Limani, Office Assistant (stationed in Lilongwe, Malawi) 
Nassozi, Sarah, A.C.I.S., Regional Finance and Administration Officer (stationed in Kampala,  
 Uganda) 
Ndungu, David M., Driver/Research technician (stationed in Nairobi, Kenya) 
Ngondo, Ella, Administrative Assistant (stationed in Lilongwe, Malawi) 
Ngwira, Evelyn, Accounts Assistant (stationed in Lilongwe, Malawi) 
Shirima, Julita, Office Assistant (stationed in Arusha, Tanzania) 
Travas, Betty, Administrative Assistant (stationed in Arusha, Tanzania) 
Yoasmu Mugarura (stationed in Kampala, Uganda) 
 
Research associates and assistants 
     Astudillo, Carolina,Biol. Germplasm Characterization Lab. 
     Buah, Stephen, MSc, (stationed in Kampala, Uganda) 
 Buendía, Héctor Fabio, Ing. Agr., Germplasm Characterization Lab. 
Bueno, Juan Miguel, Ing. Agr., Entomology 
Cajiao, César, Ing. Agr., Mesoamerican Bean Genetics 
Caldas, Gina Viviana, Chem., Germplasm Characterization Lab. 
Castaño, Mauricio, Ing. Agr., Virology Research Unit 
Cortés, María Luisa, Ing. Agr., MSc, Mesoamerican Bean Genetics 
Galeano, Carlos Hernando, Ing. Agr.,  Germplasm Characterization Lab. 
Grajales, Miguel Angel, Agric., Tech., Mesoamerican Bean Genetics 
Jara, Carlos Eduardo, Ing. Agr., MSc, Phytopathology 
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     Kalolokesya, Lizzie, Bean Breeding (stationed in Lilongwe, Malawi) 
     Kasambala, Sindi, MSc, Agric Econ., ECABREN Program assistant (stationed in Arusha,  
 Tanzania) 
     López, Hernán, Biol., Germplasm Characterization Lab.  
Lubyobera John, Lab attendant, (stationed in Kampala, Uganda) 
     Magreta, Ruth (stationed in Lilongwe, Malawi) 
Male Alan (stationed in Kampala, Uganda) 
 Medina Zapata, Juliana Ines, Biol., COLCIENCIAS Researcher 
Mukankusi Clare (stationed in Kampala, Uganda) 
Mutungu, Esther, (stationed in Nairobi, Kenya) 
Navia, Mónica, Biol., Phytopathology 
Polanía,  José Arnulfo, Ing. Agr. Plant Nutrition 
Ricaurte, José Jaumer, Ing. Agr., MSc.,  Plant Nutrition 
Rivera, Mariela, Ing. Agr., MSc., Plant Nutrition 
Rodríguez, Isaura, Ing. Agr., Entomology 
   *Rodríguez, Lina María, Biol., Germplasm Characterization Lab 
Sangole, Noel, ERI (stationed in Lilongwe, Malawi) 
Sulaiman, Sebuliba, (stationed in Kampala, Uganda) 
Tembo, Frank, (stationed in Lilongwe, Malawi) 
Wachira, Geoffrey, MSc, (stationed in Nairobi, Kenya) 
 
Secretaries 
     *Arenas, Beatriz, Entomology 
 Gómez, Julia, Plant Nutrition (25%) 
 Ngalo, Eva, (stationed at Arusha, Tanzania) 
 Tibalikwana, Mabel, Executive Secretary (stationed in Kampala, Uganda) 
 
Technicians 
     Acam Catherine, Lab Technician (stationed in Kampala, Uganda) 
Castellanos, Guillermo, Phytopathology 
Cerón, Carlos Alberto, Mesoamerican Bean Genetics 
Cuasquer, Juan Bosco, Phytopathology 
Díaz, Orlando, Entomology 
Guerrero, Alberto Fabio, Mesoamerican and Andean Bean Genetics 
Gómez, Ivan, Germplasm Characterization 
   *Hernández, María del Carmen, Phytopathology 
Hoyos, Agobardo, Germplasm Characterization 
Joaqui, Orlando, Mesoamerican Bean Genetics 
Maseko Mafuta, MacFord, (stationed in Lilongwe, Malawi) 
Melo, Edifonso, Plant Nutrition 
Molina Jarden, Plant Nutrition 
Morales, Héctor, Entomology 
Musoke, Steven (stationed in Kampala, Uganda) 
Mwase, Archangel, (stationed in Lilongwe, Malawi) 
Ortíz, Guillermo, Germplasm Characterization 
Otero, Martin, Plant Nutrition 
Solarte, Olemdo, Phytopathology 
Valor, Jose Flower, Entomology 
Vargas, Luis Alberto, Mesoamerican Bean Genetics 
Zuleta, Jesús María, Mesoamerican Bean Genetics 
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Trainees/Visiting Researchers 
Asrat Asfaw Amele, Ph.D. visiting student from Wageningen University, Netherlands in Germplasm 
 Charact. Lab and Plant Nutrition 
Assefa Teshale Mamo, Ph.D. visiting student from Univ. of Padua, Italy, in Entomology, 
 Mesoamerican Bean Genetics and Germplasm Charact. Lab 
Avila, Teresa, Centro de Investigaciones Fitoecogenéticas Pairumani/Univ. San Simón, 
 Cochabamba, Bolivia in Germplasm Charact. Lab 
Chacón, María Isabel, Universidad Nacional de Colombia, Bogotá in Germplasm Charact. Lab 
Elizalde González, Juan Javier, EAP, Honduras in Plant Nutrition 
Gill Langarica, Homar, Ph.D. visiting student from Univ. of Tamaulipas, Mexico in Germplasm 
 Charact. Lab 
Gichuru, Virginia, Ph.D. visiting student from Makerere University, Uganda in Phytopatholgoy 
Guzmán, Mauricio Antonio, INTA, Nicaragua, in Plant Nutrition 
Hernández, Germán, EE La Reneé, Instituto de Suelos, Ministerio de Agric. La Habana, Cuba in 
 Mesoamerican Bean Genetics and Plant Nutrition 
      Muñoz, Ligia Carmenza, University of Saskatchewan, Canada, in Germplasm Charact. Lab 
Ortube, Juan, Univ. Autónoma Gabriel René Moreno, Santa Cruz, Bolivia in Germp. Charact. Lab 
Ramaekers, Lara, Ph.D. visiting student from Univ. of Leuven, Belgium in Germplasm Charact. Lab 
Sebuliba, Suleiman, Visiting Researcher in Nairobi, Kenya  
 
PhD Students and MSc Thesis 
  
Bravo, Enrique, PhD, Universidad del Valle, Cali, Colombiam Virology Unit (completed) 
Buah, Stephen, MSc, Makerere University, Kampala, Uganda 
Butare, Louis, PhD, Gembloux Agricultural University, Belgium, Mesoamerican Bean Genetics and 
 Plant Nutrition 
Cuellar, María Elena, MSc, Universidad Nacional de Colombia, Palmira, Virology Unit (completed) 
Duque, Leonardo, MSc, Universidad del Valle, Cali, Colombia, Entomology and Mesoamerican Bean   
  Genetics 
 Garzón, Luz Nayibe, PhD, Universidad Nacional de Colombia, Bogota, Germplasm Charact. Lab 
 Gichuru, Virginia, PhD, Makerere University, Uganda 
 Jaimes, Hugo Arley, MSc, Universidad Nacional de Colombia Palmira, Entomology  
 Joram Lunjalu Okotsi, MSc, University of Nairobi, Kenya (completed) 
 Kananji, Geoffrey, PhD, Plant Breeding, University of  Natal, South Africa (completed) 
      Kandie, Philip, MSc, University of Nairobi, Kenya 
      Kennedy, Muimui, MSc, University of Nairobi, Kenya (completed) 
Kanyenga, Lubobo Antoine, MSc, University of Lubumbashi, DR Congo 
 Makunde Godwill, MSc, University of Zambia (completed) 
Martinez, Ana Karina, MSc, Universidad Nacional de Colombia, Palmira, Virology Unit (completed) 
Montoya, Carmenza, MSc, Univ. Nacional de Colombia, Mesoamerican Bean Genetics (completed) 
Mukankusi, Claire, PhD, Breeding / Pathology University of Natal, South Africa (completed) 
Muroronkwere, Francoise, MSc, Makerere University, Uganda 
Musoni, Augustine, MSc Genetics and Plant Breeding, University of Nairobi, Kenya 
Muthamia, John, PhD, University of Leuven, Belgium 
      Mwesigwa, Jasper, MSc, Makerere University, Uganda 
Nabukalu, Phionah, MSc, Makerere University, Uganda  
Nkonko, Mbikayi, PhD, Univeristy of Leuven, Belgium 
Okonda, Benard, MSc, University of Nairobi, Kenya (completed) 
Rangel, Andrés Felipe, PhD, University of Hannover, Germany, Plant Nutrition (completed) 
Reichel, Helena, PhD, University of Gembloux, Belgium, Virology Unit (completed) 
Remans, Roseline, PhD, Univ. of Leuven, Mesoamerican Bean Genetics (completed) 
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Rincón, Linda J., MSc, Universidad Nacional de Colombia, Bogotá, Phytopathology (completed) 
Rodríguez, Nohra, MSc, Univ. Nacional de Colombia, Bogotá, Germp. Charact. Lab (completed) 
Santana, Gloria Esperanza, PhD, Universidad Nacional de Colombia, Palmira, Germplasm Charact. 
 Lab and Virology Unit 
 Serrano, Leopoldo, MSc, Universidad de El Salvador, Virology Unit (completed) 
 Sotelo, Paola, MSc, Universidad Nacional de Colombia, Palmira, Entomology  
 Vélez, León Darío, PhD, Universidad Nacional de Colombia, Bogotá, Germplasm Charact. Lab 
 Wachira, Geoffrey, MSc, University of Nairobi, Kenya 
Xiaoyan Zhang, PhD, CAAS, Beijing, China, Germplasm Charact. Lab (completed) 
Yealembirhan Molla, MSc, Haramay University, Ethiopia (completed) 
 
Pregraduate Thesis Students 
 Chaves, Alejandro, Universidad Javeriana, Bogotá, Colombia, Germpl. Charact. Lab and Humboldt 
Corrales, Alba Rocío, Universidad del Tolima, Ibagué, Colombia, Virology Unit (completed) 
Díaz, Aura Marina, Universidad del Valle, Cali, Colombia, Germplasm Charact. Lab 
Gómez, Dennis Marcela, Univ. del Tolima, Ibagué, Colombia, Germplasm Charact. Lab (completed) 
González, Laura Fernanda, Univ. Javeriana, Bogotá, Colombia, Germplasm Charact. Lab (completed) 
Hernández, Laureano Alberto, Universidad Nacional, Bogotá, Colombia, Phytopathology (completed) 
Iglesias, Angela, Universidad del Valle, Cali, Colombia, Phytopathology (completed) 
López, Hernán, Univ. de Antioquia, Medellín, Colombia, Germplasm Charact. Lab (completed) 
Lozano, María Alejandra, Universidad del Valle, Colombia, Germplasm Charact. Lab 
Matta, Andrés Jenuer, Universidad del Valle, Cali, Colombia, Phytopathology (completed) 
Medina, Juliana, Univ. de Antioquia, Medellín, Colombia, Germplasm Charact. Lab (completed) 
Monserrate, Freddy, Univ. Nacional de Colombia, Germplasm Charact. Lab and Geographic 
 Information System 
Moreno, Natalia María, Univ. Javeriana, Bogotá, Colombia, Germplasm Charact. Lab (completed) 
Mutange, Stephen, University of Nairobi, Kenya (completed) 
Rodelo, Manuel Alfredo, Universidad Nacional de Colombia, Bogotá, Virology Unit (completed) 
  
 
*Left in 2007 
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Acronyms and Abbreviations used 
 
ADRA    Adventist Development and Relief Agency 
AFLP  Amplified Fragment Length Polymorphism 
AHI  African Highlands Ecoregional Programme (led by ICRAF) 
ALS  Angular Leaf Spot 
ANOVA  Analysis of Variance 
APS  American Phitopathology Society 
ARC/GCRI    Agricultural Research Council, Grain Crops Research Institute, South   
    Africa 
ARI   Agricultural Research Institute 
ARS   Agricultural Research Station 
ASA   American Society of Agronomy 
ASARECA            Association for Strengthening Agricultural Research in East and Central  
     Africa 
ASCOLFI   Asociación Colombiana de Fitopatología y Ciencias Afines 
AU     Alemaya University, Ethiopia 
AUDPC    Area Under Disease Progress Curve 
BBK    Bembeke 
BCMV    Bean Common Mosaic Virus 
BCMNV    Bean Common Moasic Necrosis Virus 
BEAN    Bridging Expectations, Accomplishments and further Needs  
BGMV    Bean Golden Mosaic Virus 
BGYMV    Bean Golden Yellow Mosaic Virus 
BILFA     Bean Improvement for Low soil Fertility in Africa 
BIWADA    Bean Improvement for Water Deficits in Africa 
BLCrV    Bean Leaf Crumple Virus 
BMGF    Bill and Melinda Gates Foundation 
BMZ-GTZ     German Federal Ministry for Economic Cooperation and Development (BMZ) 
     German Agency for Technical Cooperation (GTZ) 
BOT    Board of Trustees 
BSM     Bean Steam Magot 
CAAS    Chinese Academy of Agricultural Sciences 
CARE  Cooperative for American Remittances Everywhere 
CBB  Common Bacterial Blight 
CBOs  Community Based Organizations 
CCF   Consolidated Conceptual Framework 
CD  Congo Democratic 
CENARGEN  Centro Nacional de Investigaciones en Recursos Genéticos  
    y Biotecnología  
CENIAP  Centro Nacional de Investigaciones Agropecuarias, Venezuela 
CENTA  Centro Nacional de Tecnología Agropecuaria,  El Salvador 
CG  Consultative Group 
CGIAR  Consultative Group on International Agricultural Research 
CGS  Competitive Grant System 
CIAL  Comité de Investigación Agrícola Local 
CIALCA   Consortium for Improved Agriculture-based Livelihoods in Central Africa 
CIAS  Centro de Investigaciones Agrícolas del Sureste, SEA, Dominican Republic 
CIAT  Center for International Tropical Agriculture 
CIDA  Canadian International Development Agency 
CIFP  Centro de Investigaciones Fitoecogenéticas Pairumani, Bolivia 
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CIM CIAT Malawi 
CIMMYT   International Maize and Wheat Improvement Centre 
CIP     Centro Internacional de la Papa, Peru 
CIPRES Centro de Investigación y Promoción de Desarrollo Rural y Social 
CMAD  Community Mobilization Against Desertification 
CN Care Norway 
COLCIENCIAS  Instituto Colombiano para el Desarrollo de la Ciencia y la Tecnología 
   “Francisco José de Caldas” 
CORAF/ WECARD Conférence des Responsables de Recherche Agricole en Afrique de  
    l’Ouest et du Centre/West and Central African Council 
   for Agricultural Research and Development 
CORFOCIAL  Corporación para el Fomento de los Comités de Investigación Agrícola   
  Local 
CORPOICA  Corporación Colombiana de Investigación Agropecuaria 
COSUDE  Cooperación Suiza para el Desarrollo 
CPAR   Canadian Physician for Relief and Development  
CRDA  Centre Recherche de Agriculture, Haiti 
CRIA  Centro Regional de Investigaciones Agrícolas 
CRSP  Collaborative Research Support Project 
CRS  Catholic Relief Services 
CSSA  Crop Science Society of America 
CTHA  Centre Technique Horticole d´Antananarivo 
CTZ  Chitedze 
CU     Concern Universal 
CV   Coefficient of Variance 
CYTED   Latin American Program for the Development of Science and Technology 
DANIDA   The Danish Agency for Development Assistance 
DAO   District Agricultural Office 
DARTS    Department of Agricultural Research and Technical Services, MoA,   
  Malawi 
DEL   Delmas 
DFID   Department for International Development 
DGDC   General Directorate for Development Cooperation, Belgium 
DICTA   Dirección de Investigación de Ciencias y Tecnología Agrícola, Honduras 
DNA   DeoxyriboNucleic Acid  
DR   Democratic Republic 
DRC   Democratic Republic of Congo 
DRD  Directorate of Research and Development 
DSI  Drought Susceptibility Index 
DTF  Days to Flowering 
DTM  Days to Maturity 
EAP  Escuela Agrícola Panamericana, Honduras 
EARO   Ethiopian Agricultural Research Organization 
ECA  East and Central Africa 
ECAPAPA  Eastern and Central Africa Programme for Agricultural Policy Analysis 
ECABREN  Eastern and Central Africa Bean Research Network 
EEA  Estación Experimental Agrícola 
EIAR  Ethiopia Institute of Agricultural Research  
EMBRAPA  Empresa Brasilera de Pesquisa Agropecuaria 
ERI   Enabling Rural Innovation 
ESA  East and Southern Africa 
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ETIAH Estación Territorial de Investigaciones Agropecuarias de Holguín 
FA   Farm Africa 
FAIDA  (just a name in Swahili) 
FANR   Food, Agriculture and Natural Resources  
FAO  Food and Agriculture Organization 
FARM  an NGO, Ethiopia 
FC  Field capacity 
FENALCE  Federación Nacional de cultivadores de Cereales 
FIDAR  Fundación para la Investigación y Desarrollo Agrícola 
FIPAH  Fundación para la Investigación Participativa con Agricultores de Honduras 
FIPS  Farm Inputs Promotion Africa 
FLS  Floury leaf spot 
FONTAGRO  Fondo Regional de Tecnología Agropecuaria 
FOFIFA  Centre National de la Recherche Appliqué au Développement Rural,   
  Madagascar 
GCP  Generation Challenge Program 
GIS  Geographical Information System 
HAAS Harbin Agricultural Academy of Sciences 
HEM Himo Environmental Management Trust 
HIV/AIDS Human Immuno Deficiency Virus/Acquired Immune Deficiency Syndrome 
HPLC  High Performance Liquid Chromatography 
HRE  Harare 
HRI  Horticultural Research Institute (UK) 
IACR  Rothamsted (UK) 
IBFA  Ikulwe Bean Farmers Association (Uganda) 
ICA  Instituto Colombiano Agropecuario 
ICDPM  Integrated Crop Disease and Pest Management 
ICIPE  Centre for Research in Agro-Forestry 
ICRAF  International Center for Research in Agroforestry, Kenya 
ICRISAT  International Crops Research Institute for Semi-Arid Tropics 
ICTA   Guatemala 
ICP  Inductive Coupling Plasma 
IDIAF  Instituto Dominicano de Investigaciones Agropecuarias y Forestales 
IDIAP  Instituto de Investigación Agropecuaria, Panama 
IDRC  International Development Research Center 
IIA  Instituto de Investigaciones Agrícolas 
IIAM  Instituto de Investigacao Agraria, Maputo, Mozambique 
IICA  Instituto Interamericano de Cooperación para la Agricultura 
IITA-SARRNET   International Institute for Tropical Agriculture - Southern Africa   
  Regional Root Crops Research Network 
INCA  Instituto Nacional de Ciencias Agrícolas, Cuba 
INERA  Institut National des Etudes sur la Recherche Agronomique, D.R. Congo 
INHA  Instituto de Nutrición La Habana, Cuba 
INIA  Instituto National de Investigacao Agronomica (Mozambique) 
INIA  Instituto Nacional de Investigación Agrícola 
INIAP  Instituto Nacional Autónomo de Investigaciones Agropecuarias, Ecuador 
INIFAP  Instituto Nacional de Investigac. Forestales y Agropecuarias, Mexico 
INM  Integrated Nutrient Management 
INPRHU Instituto de Promoción Humana 
INRA  Institut National de Recherche Agronomique 
INTA Instituto Nacional de Innovación y Transferencia en Tecnología 
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  Agropecuaria 
IPDM Integrated Pest and Disease Management 
IPGRI  International Plant Genetic Resources Institute 
IPL  Instituto Peruano de Leguminosas de Grano 
IPM  Integrated Pest Management 
IPRA  Investigación Participativa en Agricultura/ Participatory Research in   
   Agriculture of CIAT 
IRRI  International Rice Research Institute, Philippines 
ISABU  Institut des Sciences Agronomiques du Burundi 
ISAR  Institut des Sciences Agronomiques du Rwanda 
ISEM  Integrated Soil Ecosystem Management 
ISISCAN   a complete Routine Analysis Software designed for operation of FOSS NIR    
   insturments in lab 
ITA  Instituto Técnico Agrícola 
JEEP  Joint External Evaluation of PABRA 
KARI  Kenya Agricultural Research Institute 
KEPHIS  Kenya Plant Health Inspectorate 
KHAK  Khaki 
KIS  Kisanga 
LAI  Leaf area index 
LSD  Least significant difference 
MAC  Medium Altitude Climbers  
MAFP  Ministério de Agricultura, Florestas e Pescas (República    
 Democrática de Timor-Leste) 
MAG Ministerio de Agricultura y Ganadería 
MARDI Maruku Agricultural Reseanch and Development Institute 
MAS  Marker Assisted Selection 
MASL  Meters above sea level 
MATF  Maendeleo Agricultural Trust Funds 
MDG  Millennium Development Goals 
MEIA  Microparticles Enzymatic Immuno Assays 
MIICO  Mbozi, Ileje and Isangati Consortium/foundation 
MIP  Manejo Integrado de Plagas/Integrated Pest Management 
MoA  Ministry of Agriculture 
MT  Metric ton 
MTP  Medium Term Plan 
MU  Makerere University, Uganda 
MW  Malawi 
NAARI  Namulonge Agricultural and Animal Production Research Institute 
NARC  Nazareth Agricultural Research Center   
NARI  National Agricultural Research Institute 
NARO  National Agricultural Research Organization, Uganda 
NARS  National Agricultural Research Systems  
NAV  Navy 
NBPR  National Bean Research Programmes 
NBPGR  National Bureau of Plant Genetic Resources 
NEPAD  The New Partnership for Africa’s Development  
NGOs  Non-Governmental Organizations 
NIRS  Near InfraRed Spectrophotometry 
NN  Non nodulating 
NPP  Networks, Programs and Project,  
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NRI  Natural Resources Institute (UK) 
NRM  Natural Resource Management 
NUA  Andean Nutrition 
OFDA  Office of Foreign Disaster Assistance 
OPV  Open Pollinated Variety  
ORE  Organization for the Rehabilitation of the Envirnoment, Haiti 
ppm  parts per million 
PABRA  Pan-Africa Bean Research Alliance 
PADF  Pan American Development Foundation 
PANNAR  Seed Company 
PBS  Potato Bean Sweet 
PCCMCA  Programa Cooperativo Centroamericano para el Mejoramiento de   
   Cultivos Alimenticios 
PCR  Polymerase chain reaction 
PHI  Pod harvest index 
PM&E  Participatory Monitoring & Evaluation 
PNL  Programme Nacional Legumineuse 
PPB  Participatory Plant Breeding 
PRGA  Participatory Research and Gender Analysis 
PRIAM  Participatory Research for Improved Agroecosystem Managemente project,  
  Africa 
PROFRIZA  Proyecto Regional de Frijol para la Zona Andina 
PROMPEX  Comisión para la Promoción de Exportaciones 
PRONALAG  Programa Nacional de Leguminosas Alimenticias 
PVS  Participatory Variety Selection 
QPM  Quality Protein Maize project 
QTL  Quantitative trait loci 
RAZ  Resistance to Acanthoscelides and Zabrotres 
RBM  Result based monitoring 
REDSO/ESA  Regional Economic Development Services Office for East and Southern  
   Africa 
REU  Reach-End Users 
RF  The Rockefeller Foundation 
RIL  Recombinant inbred line 
RM  Red Mottled 
RD  Root diameter 
RL  Root length 
RR  Root rot 
RT  Root tips 
RSP   Regional Support Programme 
RSSP  Rural Sector Support Program 
SABRN  Southern Africa Bean Research Network 
SACCAR  Southern African Centre for Cooperation in Agricultural and Natural   
   Resources Research and Training 
SADC  Southern Africa Development Council 
SARBEN    Southern Africa Regional Bean Evaluation Nursery  
SARBYT    Southern Africa Regional Bean Yield Trial  
SARI    Selian Agricultural Research Institute, Ethiopia 
SAS    Statistical Analysis System 
SC     Steering Committee 
SCAR    Sequence-characterized amplified regions 
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SDC    Swiss Development Cooperation 
SEA    Secretaría de Estado de Agricultura, Dominican Republic 
SENA    Servicio Nacional de Aprendizaje  
SENASEM  Service National des Semences 
SGRP    Systemwide Genetic Resources Programme 
SICTA    Sistema de Integración Centroamericano de Tecnología Agropecuaria 
SPAD     Chlorophyll meter to determine leaf chlorophyll content 
SRL     Specific root length 
SSACP    Sub-Saharan Africa Challenge Program 
SSSA    Seed System Security Assessment  
SSSN    SADC Seed Security Network 
SUG    Sugar 
SWMnet     Soil water management network 
t     ton 
TARS    Tropical Agricultural Research Station 
TILLING     Target Induced Local Lessions in Genomics 
TNC     Total nonstructure carbohydrates 
TPRI     Tropical Pesticides Research Institute, Tanzania  
TSBF     Tropical Soils Biology and Fertility Program, Kenya 
TSG     Technical Support Group 
TSP    Triple Super Phosphate 
TWFP     Tropical Whitefly Project 
TZ    Tanzania     
UAGRM    Universidad Autónoma Gabriel René Moreno 
UK     United Kingdom 
UMATA    Unidad Municipal de Asistencia Técnica Agropecuaria 
UN    United Nations 
UNA    Universidad Nacional Agraria, Nicaragua 
USAID    United States Agency for International Development  
USDA    United States Department of Agriculture 
Uyo    Uyole 
VICARIBE   Vivero Caribeño de grano Andino 
VIVA   Vivero Internacional de Volubles Andinos 
VLIR-UOS   Vlaamse Interunivesitaire Raad-University Development Co-operation 
WARDA   The Africa Rice Center 
WECABREN   West, Eastern and Central Africa Bean Research Network  
WINISI   A calibration software package from ISI  
WVI   World Vision International 
ZW   Zimbabwe 
 
 
 
 
 
 
